Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



VlTRUVIUS' 

Architecture 




JOSEPH GWILT 



WEALE'S SOIENTIFIG & TEGHNIGAL SERIES. 

CIVIL ENQINEERINQ & SURVEYING. 

Civil Engineering. H. Law ft D. E. Clask . . 616 

Pioneer Engineering. £. Dobson . . . . 4/6 

Iron Bridges of Moderate Span. H. W. Pbndrbd . 2/- 

Iron and Steel Bridges & Viaducts. F. Cakpin . 3/6 



From the Library 
of 

Sir Edward Burnett Tylor, knt. 

The first Reader and Professor of Anthropology 
in the University of Oxford. 

Presented to the Radclif e Trustees 

by 

Dame Anna Rebecxia Tylor. 

June. 1917. 




/• ^ 



PARKER Sc SOX. f 

Knglish & Koicinii Booksc-llers, 



WEALE'S SGIENTIFIG & TEGHNICAL SERIES. 



MECHANICAL ENQINEERINQ, 6LC.—eontd 
Sewing Machinery. J. W. Ubquhart . 
Power of Water. J. Glynn .... 
Power in Motion. J. Armovb .... 
Iron and Heat J. Armotjb 



Mechanics. C. Tomlinson 

Cranes and Machinery. J. Glynn 
Smithy and Forge. W. J. E. Gbans 
Sheet-Metal Worlcer's Guide. W. J. K Cranb . 
Elementary Electric Lighting. A. A. C. Swinton 

MINING & METALLURGY. 

Mining Calculations. T. A. O'Domahub 

Mineralogy. A. Baksay 

Coal Mining. Sir W. W. Smyth & T. F. Bbown . 
Metallurgy of Iron. H. Bathsbman . 
Mineral Surveyor's Guide. W. Lintbbn 
Slate and Slate Quarrying. D. G. Dayixs 
Mining and Quarrying. J. H. Collins 



Subterraneous Surveying, T. Fbnwiok k T. Baksr 2/6 



Mining Tools. W. Mosoans 
Plates to ditto. 4to. . 
Physical Geology. Poktlook k Tate 
Historical Geology. R. Tatb 

The above 2 yoIs., bonnd together . 
Electro-Metallurgy. A. Watt 

NAVIGATION, SHIPBUILDING, &c. 

Navigation. J. Gbbenwood k W. H. Rosseb 
Practical Navigation. Greenwood, Bosser k Law 



Navigation and Nautical Astronomy. J. B. Young 2/6 

Mathematical & Nautical Tables. Law k Young . 4/- 

Masting and Rigging. B. Kipping . . . 2/- 

Sails and Sailmalcing. B. Kipping . . . . 2/6 

Marine Engines. B. Murray k G. Oabliblb . . 4/6 

Naval Architecture. J. Pbaejb 3/6 

Ships, Construction of. H. A. Sommervbldt . 1/6 

Plates to ditto, 4to 7/6 

Ships and Boats. W. Bland 1/6 

CROSBY LOCK WOOD & SON, 7, Stationers' HaU Court, E.C. 



2/- 
2/- 
2/- 
2/6 



3/6 
3/6 
3/6 

5/- 
3/6 

3/- 
1/6 



2/6 
4/6 

2h 
2/6 

4/6 

3/6 

2/6 
7/- 



WEALFS SCIENTIFIG & TECHNICAL SERIES. 



AGRICULTURE & QAROENINQ. 

Fertilisers & Feeding Stuffs. Dr. B. Dtxb . . i/- 

Draining and Ennbanlcing. Pbof. J. Scott . . i/6 

Irrigation and Water Supply. Prof. J. Scott . . i/6 

Farm Roads, Fences, and Gates. Pbof. J. Scott . i/6 

Farm Buildings. Pbof. J. Scott 2/- 

Barn Implements and Machines. Pbof. J. Scott . 2/- 

Field Implements and Machines. Pbof. J. Scott . 2/- 
Agricultural Surveying. Pbof. J. Scott . .1/6 

The above 7 yoLs., bound together . , . . 12/- 

Farm Management. R. S. Burn . 2Jf6 

Landed Estates Management. R. S. Bubn . . 2/6 

Farming— Soils, Manures, and Crops. B. S. Bubn 2/- 

Farming^Outlines — Farming Economy. R.S.^ubn 3/- 

Farming — Cattle, Sheep, and Horses. R. S. Bubn 2/6 

Farming — Dairy, Pigs, and Poultry. R. S. Bubn . 2/- 

Farming — Sewage & Irrigation. R. S. Bubn . 2/6 

The above 5 vols., bound together . . . . 12/- 

Book-keeping for Farmers. J. M. Woodman 2/6 

Ready Reckoner for Land. A. Arman . . 2/- 

Mi Iter's & Farmer's Ready Reckoner . . . 2/- 

Hay and Straw Measurer. J. Steelx . . . . 2/- 

Meat Production. J. Ewabt 2/6 

The Sheep. W. C. Spoonbb 3/6 

Multum-in-Parvo Gardening. S. Wood . . • i/- 

Forcing Garden. S. Wood 3/6 

Market and Kitchen Gardening. C. W. Shaw . 3/- 

Kitchen Gardening. O. M. F. Glbnnt. . . . 1/6 
Cottage Gardening. E. Hobday . . . .1/6 

Garden Receipts. 0. W. Quin 1/6 

Potatoes : How to Grow. J. Pink . . . • 2/- 

Culture of Fruit Trees. M. Du Bbeuil . • • 3/6 

Tree Planter & Plant Propagator. S. Wood . 2/- 

Tree Pruner. S. Wood 1/6 

Tree Planter, Propagator, & Pruner. S. Wood , 3/6 
Grafting and Budding. C. Baltbt . . .2/6 

Bees for Pleasure & Profit. G. G. Samson . . i/- 



CROSBY LOCKWOOD ft SON, 7, Stationers' HaU Court, E.C. 



THE 



AROHITBOTURE 



or 



MARCUS VITRUVITJS POLLIO, 



TRAItSLATED 



BT 



JOSEPH QWILT. 



«i4 



LONDON : 
FBINTED BY OEOBGE PHIPFS, 13 A 14, TOTHILL 8TBEET, 

WESTMIN8TEB. 



THE 



ARCHITECTURE 



OF 



MARCUS VITRUVIUS POLLIO 



IN TEN BOOKS 



TRANSLATED FROM THE LATIN 
By JOSEPH GWILT, F.S.A., F.R.A.S. 

AUrnOR OF AN BWCYGLOPiBDIA OF ABCBITBGTUBB AKD OTHBB WORKS 



A NEW EDITION 

CABBFULLT BBVISED BY THB TBANSLATOB, AND WITH ADDITIONAL PLATES 




Csp^** m Ty 



umen 



LONDON 
LOCKWOOD & CO., 7, STATIONERS^ HALL COURT 

LUDGATE HILL 
1874 



CONTENTS. 




j 




-*- 


^^ 






PnbliBher'B Preface .... 




"^ 




Preface ..... 




^ 




Life of VitniriaB .... 






List of the several Editions and Versions of Vitmvina . 


xy 




LiBt of the Chapters contained in the Work . 




XSK . 








UIV 




The Architecture of Vitrurius, Book I. 




1 




., BooklL. 




29 




., Bookm. . 




01 




,. Book IV. 




79 




BookV. 




99 1 




BookTL 




127 '. 




BookVIX . 




151 : 




BookVin. 




177 i 




„ BooklX. . 




201 




Book X. . 




220 ; 




Plates, and Explanations of them . 




2fta 




lodez ..... 




297 











PUBLISHER'S PREFACE. 



The principles of honour and integrity inculcated on 
the architect in the subjoined work would aloue sanc- 
tify its prolonged use by the profession. " The 
perusal," says Milizia (speaking of Vitruvius), in his 
Lives of the Architects, " of that part of his writings* 
in which he treats of the requisite qualities of an 
architect, should cause those to blush who pursue the 
profession solely for the purpose of profit, and who 
are guided by no other feeling than interest. Would 
that the lessons of our author might excite regret in 
such men, and induce them to follow it from motives 
of honour! "f 

Some persons have thought that the value of the 
author's treatise on architecture has been much over- 
rated. One has gone even so far as to express an 
opinion that it might have even been better for the art 
had the work been buried in oblivion. Fortunately, 
the number of these eccentric beings is few and of 
small authority in the art. It seems, indeed, strange, if 
credit could be attached to their dicta, that no less than 
forty-three editions of the work should have appeared 
in various languages, some of them by men of great 
learning, and amongst them one by an architect of 
consummate taste and world-wide reputation : for such 

♦ Lib. i. cap. 1— Pref. lib. vi. 
t Mrs. Cresy's Translation. 
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a person was the celebrated Perrault, whose fafade of 
the Louvre is accounted one of the most elegant and 
magnificent examples of the art in existence. With 
such a precedent, there cannot be much apology neces- 
sary for the cheap copy now presented to the amateur 
and to the student of architecture. 

L. B. Alberti, Baldassare Peruzzi, Palladio, and 
all the ilhistrious restorers of the Art, treat Vitruvius 
as the great master from whom they derived the pre- 
cepts delivered in their writings; and though perhaps a 
more utilitarian age has arrived, the sound doctrines of 
the art are unchangeable, for they are based on nature 
and statics. 

Of late we have had much talk of Esthetics in the 
fine arts ; or, in plain language, of the doctrine of 
expedients for converting sense into sensation, as if 
some new discovery had been made. That this is 
no new thing, appears from the author's directions 
on the Scamilli impares, as well as on many other mat- 
ters of detail mentioned in the third book and else- 
where. It is also quite apparent, from the instructions 
for designing temples^ that the laws of statics guided 
them to an equality of voids and solids. 

It only remains for me to thank the translator for 
his superintendence through the press of this edition, 
in which, tVough no material alterations have been ne- 
cessary, a considerable number of corrections have been 
made, and to which three plates of theatres have been 
added. The present taste for a cheap press precluded 
another edition, except in the form here presented. 

J. W. 

59, Bigh ffolbam. 



PBEFACB- 



Thb followmg traoslatioQ was oommenced many years 
since, under a conviction of the benefit I should derive 
from it in my architectural studies ; but at the time of 
undertaking it, its publication was not conte nplated. 
During the progress of my labours I found it useful to 
refer to the different versions of the author, and more 
especially to that of Newton, the only Englishman who 
has hitherto translated and published the whole of the 
text of Yitruvius. That translation I found so unsatis- 
factory and incorrect, that my resolution was early 
formed of making an endeavour, at some period, to 
give the English student, not only a more convenient 
volume for reference, but, as I presume to think, a 
truer interpretation of the text of the author. Whether 
I have succeeded, must be submitted to the Reader's 
judgment. I have, perhaps, adhered more closely to 
the text than the idiom of our language may allow, 
but I trust that this will be far from a serious charge 
against me. The editions chiefly used have been those of 
Philander, Elzevir, the Bipont, and that of Schneider, 
which is a most valuable book : not, however, without 
frequent recurrence to the translations of Barbaro and 
Perrault, and the excellent one of Galiani. The plates 
subjoined to the work are not so numerous as might 
have been desired. My reason for limiting them to 
their present number has been more from a desire to 



ayoid conjectural representations than to saye tronble 
or expense in the publication* The following yersion is 
without note or comment, but I am in hopes that it 
may, at a future period, lead to a further consideration 
of the precepts and doctrines of the only author, among 
the ancients, on the art of which I am an humble pro- 
fessor. 

J.G. 



LIFE OF VITRUVIUS, 



Thb materials for a life of Yitravias are only to be 
found in his own Treatise. Among the ancient 
authors he is merely mentioned by Pliny, as one of 
those writers from whom he compiled; and by 
FrontinuSy in his Treatise on Aqueducts, as the 
first who introduced the Quinarian measure. Though 
practising in Eome, and in the service of the 
emperorSy living in Rome, and writing the sub- 
joined work in that city, there appears nothing that 
can lead us to assert that he was a native of the 
place. Maffeiy a Veronese^ strove to prove the author 
his countryman, and in corroboration adduced an in- 
scription which existed on a triumphal arch in Verona 
as hereunder ; 

L. VITEUVIUS I.. L. OEBDO 
ABCHITBCTU8. 

Had this arch, however, been built by our Author, it 
would not prove him a native of the ciiy, not looking 
to the difference in the agnomen^ a circumstance which 
Alciati attempted to reconcile, by supposing that of 
Follio to be a corruption of Fellio, and that then it 
-would be synonymous with Cerdo^ both the one and the 
other signifying a currier. Philander, however, com- 
pletely refuted this conjecture, if indeed refutation 
could have been necessary, for the arch itself contained 
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a violation of a rule insisted on by Yitrnyias, that 
dentils shonld not occur under mutuli. 

From the fragments of inscriptions relative to the 
Yitruvia family, found in the neighbourhood of FormiaB 
(the present Mola di Gaeta), it has been presumed, 
without a great stretch of probability, that it was in 
this territory Yitruvius was bom. The age in which 
he lived was doubtless between the time of the death 
of Julius Caesar and the battle of Actium, though some 
have assigned it to the reign of Titus. But his omis- 
sion of the mention of a great number of magnificent 
buildings, erected after the time of Augustus, and his 
especial mention of the theatre of Pompey as the only 
one of stone, sufficiently prove that such a conjecture 
is not warranted by circumstances. The dedication, 
moreover, points to Augustus as the patron of Yitru- 
vius : and the incident of 0. Julius, the son of Masa- 
nissa, who was in the army of Julius Caesar, having 
lodged with him, as related in the third chapter of his 
eighth book, aeems cleai:ly to indieat^ t^e time of his 
existence. 

It is likely that the following treatise was com- 
posed when he was advanced in life, and that it was 
presented to his patron after he Had assumed the title 
of Augustus, that is, twenty-five years before the 
Christian sera, inasmuch as he speaks of a temple 
erected to Augustus, in his Basilica at Fano. 

He was, as may be collected from his writings, by 
no means a successful professor, though well born 
and well educated, and certainly, notwithstanding the 
common sophisms of the age which appear in his work, 
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a man of no ordinary talent. He was no less a military 
than a civil architect, as may be gathered from 
the introduction to his first book, as well as from the 
rules^ now incomprehensible^ but doubtless in his time 
sufficiently clear, laid down in the tenth book^ respect- 
ing military engines. From the introduction to the 
third book we learn, that he was of small stature, and 
lived to some age. That he should have met with op- 
position from his brethren is quite consonant with later 
e^erience, for the rabble of ignorant builders, and 
artisans, and draftsmen, who in the present day call 
themselves architects, and meet with considerable pa- 
^ tronage, are of the same class as those that flourished 
subsequently to the time of our author, even in the 
time of Michael Angelo da'Buonaroti. 
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LIST OF THE SEVERAL EDITIONS AND 
VERSIONS OF VITRUVIUS. 



• • 



. — " Editio princeps." — Without year, place, or printer's 
name. Printed at Rome, by George Herolt, under 
the superintendence of Sulpitius, in or about 1486. 
It begins without title as follows : — " lo. sulpitius 
LECTORI SALUTEM. Cum divinum opus Victruvii: 
non mode studiosis : sed reliquis hominibus, Ac." — 
At the end of the last book of Vitruyius are the fol- 
lowing verses : 

Lector habes tandem veneranda yolumina docti 

Victruvii : quorum copia rara fait. 
Hsec lege : nam disces: nova: magna: recondita: pulchra: 

Et quae sint in re ssspe futura tna. 
Emendata vides : sed peccat litera siqua 

Corrige : nemo satis lynceus esse potest. 

To the Vitruvius is subjoined, — " Sexti Julii Frontini 
yiri consularis : de aquis que in urbem influunt : 
libellus mirabilis."— The pages are of thirty-four 
lines, and the Vitruvius contains ninety-four fols. 
including the letter of Sulpitius, &c. The Frontinus 
contains only sixteen fols. Gaignat Catalogue 54 
francs. La Valiere ditto 130 francs. Polenus says 
there are but few errors in this edition. Harwood 
says it is a very scarce book. 
1406. — This Edition begins thus. — " Hoc in volumine haec 
opera continentur. L. Vitruvii PoUionis de Archi- 
tectura Libri decem. Sexti Julii Frontini de Aquae- 
ductibus Liber unus. Angeli Politiani Opusculum : 
quod Panepistemon inscribitur. Angeli Politiani 
in priora Analytica prselectio, cui titulus est Lamia." 
— ^At the end of the Vitruvius: — "Florentise impres-. 
sum anno a natali Christiano m.cccc.lxxxxvi." — fol. 
—According to Fabricius, the orthography of this 
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edition is more correct than the preceding one of 
SulpitiuB ; in other respects it is very like it. It is 
quite as scarce as the editio princeps. 

1497. — This volume begins, — " Hoc in Volumine continentnr : 
Cleonidsd Harmonicnm Introductorium interprete 
Georgio Valla Flacentino. L. Vitruvii FoUionis de 
Architectura Libri Decem. Sexti Julii Frontini de 
Aquseductibus Liber unus. Angeli Folitiani Opus- 
culum : quod Fanepistemon inscribitur. Angeli Foli- 
tiani in priora Analytica prselectio, cui titulus est 
Lamia." — At the end of the Vitruvius, — " Impressnm 
Yenetiis, per Simonem Fapiensem dictum Bivilaqnam : 
Anno M.cccc.LXXxxvii. die tertio Augusti." — ^fol. 
With a few slight variations in the text, this is little 
more than a reprint of the preceding Florence 
Edition, as regards Vitruvius. The Gleonidas is an 
addition to it. The name of the Editor does not 
appear ; he has divided the chapters of the first book 
differently from those of the two former editions. 
This book, though not common, does not fetch a large 
price. 

1511. — "M. Vitruvius per locundum solito castigatior fao- 
tus, cum fig^ris et tabula, ut iam legi et intelligi 
possit." — At the end, — ^^Impressum Venetiis ac 
magis quam unquam aliquo alio tempore emendatnm: 
sumptu miraque diligentia loannis de Tridino alias 
Tacuino. Anno Domini m.d.xi. die xxii. Mali. Beg- 
nante inclito Duce Leonardo Lauredano."--fol. — ^With 
many wood blocks. This was the first edition illus- 
trated with Figures. Jocundus altered the text of 
the two former editions in many places. Folenus 
thinks he carried his emendations fui*ther than he 
was justified in doing ; but he gives the preference to 
this over the former editions. 

1518. — " Vitruvius iterum et Frontinus a locundo revisi re- 
purgatique quantum ex coUatione licuit." — At the 
end : — " Hoc opus prsacipua diligentia castigatum, et 
cura summa excusum est Florentisd sumptibus Phi- 
lippi de Giunta Florentini, anno Domini m.d. xiii. 
mense Octobri." — Small octavo. — The figures in this 
edition are the same as the preceding, but consider- 
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ably reduced and more imperfectly cnt. It is ex- 
tremely scai'ce, and produced an enormons price 
(eleven guineas) at an auction in this country a few 
years since. 

1622. — "M. Vitruvii de Architectura Libri decem nuper 
maxima diligentia castigati, at<}ae excusi, additis 
Julii Frontini de Aquseductibus libris propter materisB 
afSnitatem.^ — At the end: — ^^Impressum Florentia 
per hseredes Fhilippi luntse Anno Domini, mdxxii. 
sexto Kal. Novembris.^ — Small octavo. This is a re- 
print of the preceding edition with the same blocks 
for the figures. 

1523. — "M. Yitruvii de Architectura Libri decem, summa 
diligentia recogniti, atque excusi. Cum nonnullis 
figuris sub hoc signo* positis, numquam antea im- 
pressis. Additis lulii Frontini de Aqueeductibus 
libris, propter materisB affinitatem. 1523.'' — Small 
octavo. Without place or printer's name. This is a 
counterfeit of the Giunta edition. And though Fo- 
lenus conjectures it was printed at Florence, there is 
little doubt that it was the work of Will. Huyon of 
Lyons. The fig^es added with the mark * attached 
to them, are reduced from those of the first Italian 
version of the author by Ceesar Csesarianus 1521, 
which is hereinafter noticed. 

1543. — "M. Vitruvii, viri sam professionis peritissimi, de 
Architectura Libri Decem, ad Augustum Gsesarem 
accuratiss. conscripti : et nunc primum in Germania 
q a potuit diligentia excusi, atque hinc inde Schema- 
tibus non iniucundis exornati. Adiecimus etiam 
propter argumenti conformitatem, Sexti lulii Fron- 
tini de Aqusductibus urbis BomsB libellum. Item ex 
libro Nicolai Cusani Card, de Staticis experimentis 
Fragmentum. Qum Indice copiosissimo, et disposi- 
tione longe meliori, quam antea." — At the end: — 
" Argentorati. In ofiicina Knoblochiana per Geor- 
gium MachsBropieum. Anno 1543." — Quarto. The 
text is nearly the same as that of Jocundus. The 
figures of the wood-blocks are partly borrowed from 
the Giunta edition, and partly from the translation of 
Csdsarianus. 
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1650. — " M. Vitmvii Pollionis, viri suBd profeBsionis peritis- 
simi, de Architectura Libri x. ad AugUBtum Csesarem 
accuratiBsime conscripti, et IocIb quam plurimis hac 
editione emendati. Adiunctis nunc primum Gnlielmi 
Fhilandri Castilionii Galli, Givis Rom. Gastigationibus 
atque Annote,tionibuB in eosdem longe doctisBimiB ad 
Franciscum Valesium Galliarum Begem. Una cum 
Lib. II. Sex. lulii Frontini de Aqufleductibus urbis 
Bomee, et Nioolai Gusani Dialogo de Staticis experi- 
mentis. Gum GrsBco pariter et Latino indice, dispo- 
sitione copiaque elaboratissimo." — ^At the end: — 
** Argentorati, ex officina Kuoblocliiana, per Georgium 
Machaeropieum, Mense Augusto, Anno m.d.l.'' — 
Quarto. The text is the same as that of the 1543 
edition. The notes of Philander which are added, 
were first published in 1544 at Bome in Bvo, but with- 
out the text of Vitruvius. 

3652. — " M. Vitruvii Pollionis de Architectura Libri decem 
ad Gsesarem Augustum omnibus omnium editionibus 
longe emendatiores, collatis veteribus exemplis. Ac- 
cesserunt Gulielmi Philandri Gastilionii, civis Bom. 
Annotationes castigatiores, et plus tertia parte locu- 
pletiores. Adiecta est Epitome in omnes Georgii 
Agricolse de mensui'is et ponderibus Libros, eodem 
autore. Gum Graeco pariter et Latino indice locu- 
pletissimo. Lugduni. A pud loan. Tornaesium, 1552." 
— Quarto. Philander himself superintended this edi- 
tion, chiefly following the Giunta text, which he col- 
lated with several MSS. The wood blocks are better 
than in any preceding edition. 

1667. — "M. Vitruvii Pollionis de Architectura Libri decem, 
cum commentariis Danielis Barbari, electi .Patriarchee 
Aquileiensis : multis eedificiorum, horologiorum, et 
Machinarum descriptionibus, et figuris, una cum indi- 
cibus copiosis, auctis et illustratis. Yenetiis. Apnd 
Franciscium Senensem, et loan. Grugher Germanum, 
1567." — Folio. Barbaro in this seems to have mostly 
followed Philander's edition of 1552. 

1586.—" M. Vitruvii Pollionis de Architectura Libri decem, 
ad Gcesarem Augustum, omnibus omnium editionibus 
longe emendatiores, collatis veteribus exemplis. Ac- 



cessemnt Golielmi Philandri Oa«tilioim, Oiyis Bom. 
Annotationes castigatiores, et plus tertia parte locn- 
pletiores. Adiecta est Epitome in omnes (}eorg^ Agri« 
colse de mensmris et ponderibus libros eodem anctore. 
Oum Grseco pariter et Latino Indice locupletissimo, 
M.D.LXXXYI. Apud loan. Tornaesium, typogr. Beg. 
Lugd.^ — Qaarto. Harwood says that the Editor of 
this edition was Jo. Torneesins junior, and that it is 
more correct, though less elegant than that produced 
by the father in 1562. 

1649. — "M. Vitruvii Pollionis de Architectura Libri decem, 
cum notis, castigationibus, et observationibus Guli- 
elmi Philandri integris; Danielis Barbari excerptis, 
et Claudil ScJmasii passim insertis. Prsemittuntur 
Elementa Architecturee collecta ab illustri Viro 
Henrico Wottono Equite Anglo. Accedunt Lexicon 
Vitruvianum Bemardini Baldi Urbinatis Guastellsd 
Abbatis ; et eiusdem scamilli impares Yitruviani. De 
Pictura Libri tres absolutissimi Leonis Baptistse de 
Albertis. De Sculptura excerpta maxime animad- 
vertenda ex DicJogo Pomponii Gaurici Neapolit. Ln- 
dovici Demontiosii Commentarius de Sculptura et 
Pictura. Cum yariis Indicibus copiosissimis. Omnia 
in unum collecta, digesta, et illustrata a loanne de 
Laet Antverpiano. Amstelodami. Apud Lud. Elze- 
virium. Anno 1649." — Folio. This has been usually 
considered the best edition of the Author : it was 
certainly at that period the most splendid edition, 
to which the Elzevir type not a little contributed. 
De Laet professes to follow the text of Philander^s 
edition ; but neither was this accurately done, nor 
were the notes of Philander, nor the Lexicon of 
Baldus g^ven entire, as the title would import. The 
most YfiJuable novelty in this edition is the Com- 
mentary of Meibomius on those Chapters relating 
to musical notation. 

1758. — ^An Edition by the Marchese Berardo Galianl. Folio. 
Naples. This was accompanied by an Italian Ver- 
sion, which will be hereafter noticed among the 
Italian Editions. Harwood says this is " a fair 
and valuable Edition." Not noticed by Schneider. 



1800.— "M. Vitrnvii Pollionis de Architectnra Libri decern. 
Ope Codicis Guelferbytaui, editionis principis, cetero- 
ramqne Bubsidloinim recensnit, et GloBsario, in quo 
Yocabula artis propria Germ. Ital. Gall, et Angl. 
explicaDtur, illastravit Augustus Bode Dessaviensis. 
Berolini, sumtibus Aug. My Hi. 1800."— Two thin 
Yolumes Quarto. The plates to this Edition were 
published in Folio in the ensuing year to the num- 
ber of twenty. The text of this Edition is of little 
value. The plates though ill executed and the 
glossary in five languages, are useful to the Archi- 
tectural student. It has no notes appended. 

1807. — " M. Vitruvii Pollionis de Architectura Libri Decern 
ad Optimas Editiones collati. Freemittitur Notitia 
literaria Studiis Societatis Bipontinee. Accedit Ano- 
nymi scriptoris veteris Architecturae compendium 
cum indicibus. Argentorati Ex Typographia Socie- 
tatis MDCCCvii." — Octavo. 

1807. — "Marci Vitruvii Pollionis De Architectura Libri 
Decern. Ex fide librorum scriptorum recensuit, 
emendavit, suisque et vivorumdoctorum Annotation- 
ibus illustravit lo. Qottlob Schneider, Saxo. Lipsiee, 
sumtibus et Litteris G. J. Goschen. Anno mdcccvii," 
— 3 Vols. Imper. Octavo. This Edition, the second 
and third volumes of which are devoted to com- 
mentaries on the text, is the best edition of the 
Author which has appeared. It is much to be re- 
gretted that it was published without plates ; with 
the addition of them it would have been a perfect 
book. 



SPANISH VERSIONS. 

1602.— "Los diez libros de Arquitectura de Marco Vitruvio 
PoUion, traducidos del Latin por Michael de Urrea. 
Alcala de Henarez. 160 i."— Folio. 

1787. — " Los diez libros de Architectura de M. Vitruvio Pol- 
lion, traducidos del Latin y commentados por Don 
Joseph Ortiz y Sanz. Presbytero. Madrid. 1787." — 
Large Folio, with plates. 



XXI 



FRENCH VEESIONS. 

1547. — *' Architecture, ou Art de bien bastir de Marc Vi- 
truve Pollion, authenr Bomain antique ; mis de Latin 
en Fran9oi8 par Jan Martin, secretaire de Monseign. 
le Cardinal de Lenon court. Pour le Roy trbs Chres- 
tien Henry H. A Paris. Pour la veuve et heritiers 
de Jan. Barbe. 1547." — Folio. This was the first 
French Version of Vitruvius. 

1572. — "A Reprint of the preceding by Jerome de Mamef 
et Guil. Cavellat. Fol. Paris. 

1618.— The Third French Version. Printed in Quarto at 
Geneva from the two preceding Editions by Jean de 
Tournes. 

1673, — " Les dix Livres d^ Architecture de Vitruve, corrig^z 
et traduits nouvellement en Fran ois, avec des Notes 
et des Figures. A Paris, chez Jean Bapt. Coignard. 
1673." — Large Folio. This was a version worthy of 
Perrault the Translator. Though in many parts it 
is impossible to agree with him in his Interpretation 
of the Text, yet it is a most valuable work. The 
figures are numerous and well executed on copper. 

1684. — " Les dix Livres d^ Architecture de Vitruve corrigez 
et traduits nouvellement en Franvois, avec des Notes 
et des Figures. Seconde edition revue, corrigee, et 
augment^e. Par M. Perrault de TAcademie roycJe 
des Sciences, Docteur en Medecine de la Faculty de 
Paris. A Paris, chez Jean Bapt. Coignard, Impri- 
meur ordinaire du Roy, rue St. Jaques, k la Bible 
d^or. 1684.^' — Large Folio. This is, notwithstanding 
the wear of the plates, the best of Perraulf s Edi- 
tions; and copies of it, in which Seb. Le Clerc's 
plate representing the machinery for raising the two 
large stones of the Pediment of the Louvre appears, 
are valuable. 

1816. — " L'Architecture de Vitruve traduite en Fran9ois, 
avec des remarques par le Bioul. Bruxelles 1816.** — 
Quarto, with plates. 
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GERMAN VERSIONS. 

1548. — ** Yitravius Tensch. Alles mit schoenen kiinBtlichen 
Fignren nnd Antiquiteten, nnd Sonderlichen Com- 
mentarien za mehrerem Bericht nnd besserem Yer- 
stand gezieret nnd erkloeret. Durch D. GncJthernm 
H. Rivinm. Medic. & Mathem. Vormals in tentsche 
sprach zn transferiren noch von niemand sonst nnder- 
Btanden, sondern fur nnmiiglichen geachtet worden. 
Zu Niimberg triickts Johan Petreins." — ^Folio. "With 
plates on wooden blocks cut by Erard Schsen. 

1675. — A repetition of the preceding. Basil. Folio. 

1614. — Another repetition with this title : — " Vitruvins. Des 
allernamhafitigsten nnnd Hocherfahmesten, Roemis- 
chen Architecti, unndKnnstreichen Werck oder Baw- 
meisters, Marci Yitrnvij PoUionis, zehen Bilcher yon 
der Architectnr nnd kvnstlichem Bawen. Ein 
Schlilssel nnd eynleitung aller Mathematischen nnnd 
Mechanischen Knnst, Scharfsinhiger fleissiger nach- 
trachtnng oder Speculation kunstlicher Wercke &c. 
Erstmals yertentscht, nnnd in Truck yerordnet durch 
D. Gualtemm H. Riyium. Yormals in Tentsche Sprach 
zutransferiren, noch yon niemand sonst understandeuy 
Bonder far unmuglich geachtet worden. Jetzt aber 
an yilen Orten yerbessert. Getruckt zu Basel. Durch 
Sebastian Henricpetri, im Jar *nach der Geburt 
Christi m.dc.xiv." — Folio. 

1796. — ^^Des Marcus Yitruyius Pollio Bauknnst. Aus der 
Roemischen Urschrift ilbersetzt yon August Rode. 
Zwey Thaile. Leipzig.**— Quarto. In the first yolume 
is a life of Yitruyius. This edition contains many 
illustrations of the Author. 



ENGLISH. 

1771. and 1791.— "The Architecture of Marcus Yitruyius Pol- 
lio, translated from the original Latin by W.Newton, 
Architect, London, Dodsley." — ^Large Folio. The first 
yolume was published in 1771, and the second in 
1791, with many plates. This Edition exhibits such 
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a miztnre of ignorance of the language of the ori- 
ginal in the translation of the text, with bo much 
intelligence in some of the notes, that it is difficult 
to believe they are from the same hand. 

Latterly has appeared a translation of the third, 
fourth, fifth, and sixth books of Yitruvius, by W. Wil- 
kins, A.M. F.S.A. The text of these, however, is not 
entire, and the introduction to each of them is 
omitted altogether. — So that hitherto the only entire 
English version is that by Newton above mentioned. 

ITALIAN. 

1521 • — ^"Di Lucio Yitruvio Follione de Architectura Libri 
Dece traducti de Latino in Yulgare afiignrati : Com- 
mentati: et con mirando ordine Insigniti : peril quale 
facilmente potrai trovare la multitudine de li abstrusi 
et reconditi Yocabuli a li soi loci etin epsa tabula con 
summo studio expositi et enucleati ad Immensa utili- 
tate de ciascuno Studioso et benivolo di epsa opera. 
Cum Gratia et Privilegio." At the end, — **Qui finisce 
L^opera proeclara de Lucio Yitruvio Follione de Archi- 
tectura traducta de latino in vulgare: Historiata e 
Commentata a le spese e Instantia del Magnifico D. 
Augustine Qallo Citadino Comense e Regie Beferenda- 
rio in epsa Citate : e del nobile D. Aluisio da Pirovano 
Patricio Milanese : Emendata e Castigata cum summo 
studio e diligentia excepto alchune poche cosse quale 
sono poste nella infrascripta tabula de li Errori li quali 
non se hano i)ossuto fugire per lang^tia dil tempo,^ 
&o. — **E Impressa nel amoena et delectevole Citate 
de Como per Magistro Gotardo da Ponte Citadino Mi- 
lanese; ne 1 anno del nro Signore Jesu Christo 
X.D.XXI. XV. mensis Julii. Begnante il Christianis- 
simo Be de Franza Francisco Duca di Milano," — &o. — 
" Laus Deo."— Large Folio. This book, which is ex- 
ceedingly rare, is the earliest version of Yitruvius, and 
was translated with the assistance of Benedict Jovius, 
by Ceesar Csesarianus, who was one of the architects 
of the Cathedral of Milan, circ& 1401. As late as the 
year 1810 it was in contemplation to finish some parts 



of that cathedral according to drawings left by him* 
Some of the wood engravings of this edition were 
reduced and inserted in the counterfeit copy of the 
Giunta edition of 1523. Among the curious plates 
inserted in this translation, are, on folio 14, and on 
the recto and reverse of folio 16, a plan and two sec- 
tions of the Cathedral at Milan. 
1624,—" M. L. Vitruvio Pollione de Architectura traducto 
di Latino in Vulgare dal vero exemplare con le figure 
a li soi loci con mirando ordine insignito : con la sua 
tabula alphabetica : per la quale potrai facilmente 
trovare la moltitudine de li vocabuli a li soi loci con 
summa diligentia expositi : et enucleati : mai piu da 
niuno altro fin al presente facto ad immensa utilitate 
di ciascuno studioso." — At the end, " Stampata in Ve- 
netia, in le Case Joanne Antonio et Fiero Fratelli de 
Sabio. Nel anno del Signore, m.d.xxiiii. Del mese 
di Martio." — Folio. This is a repetition of the preceding 
edition, but without the notes of Ceesar Ceesarianus. 

1636. — "M. L. Vitruvio Pollione di Architettura dcJ vero 
esemplare latino nella volgar lingua tradotto : e con 
le figure a suoi luoghi con mirando ordine insignito. 
Anchora con la tavola alfabetica : nella quale facil- 
mente si potra trovare la moltitudine de vocaboli a 
suoi luoghi con gran diligenza esposti ; e dichiarati : 
mai piu da alcuno altro fin al presente stampato a 
grande utilita di ciascuno studioso." — At the end of 
the Index,— "In Vinegia, per Nicol6 de Aristotile 
detto Zoppino. Nelli anni del Signor nostro Qiesu 
Christo dopo la sua natlvita m.d.xxxy. del mese di 
Marzo." Folio. This is copied from the preceding 
edition, but the Index is not quite so copious. 

1636. — A Translation of the first five Books, by Gianbatista 
Caporali. Perugia. Folio. 

1666.—" I dieci libri dell' Architettura di M. Vitruvio, tra- 
dutti et commentati da Monsignor Barbaro Eletto 
Patriarca d'Aquileggia. Con due Tavole, IMna di 
tutto quelle si contiene per i Capi nelP Opera, 1' altar 
per dechiaratione di tutte le cose d' importanza. In 
Vinezia per Francesco Marcolini, mdlvi." — Folio. 

1667.— "I dieci Libri dell' Architettura di M. Vitruvio. 
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Tradotti et commentati d^Mons. Daniel Barbaro 
eletto Patriarca d'Aquileia, da lui riveduti et ampliati; 
et hora in piu commoda forma rldotti. In Yenetia, 
Appresso Francesco de^ Franceschi Senese, et Qio- 
Tanni Crugher Alemanno Gompagni mdlxvii." — 
Qaarto. 

1584.—" I dieci Libri,"— &c. (nt supra).—" In Venetia, Ap- 
presso Francesco de' Franceschi Senese MnLxxxiiii.** 
Qaarto. Similar to the preceding edition. 

1629.— "I Dieci Libri delP Architettura di M. Vitruvio, Tra- 
dotti, et Commentati da Monsig. Daniel Barbaro Pa- 
triarca d^Aquileia, da lui riveduti, et ampliati ; et hora 
in questa naova Imprcssione per Maggior Comodita 
del Lettore, le materie di ciascun Libro ridotte sotto 
capi, &c. In Yenetia. Appresso Alessandro de 
Vecchj, MDcxxix." — Small folio. Very similar to the 
preceding edititm. 

1641. — " L' Architettura di Vitruvio Libri Dieci. Tradotta, 
e Commentata da M onsig. Daniel Barbaro Patriarca 
d^Aquileia, da lui riveduta, et ampliata. Et hora in 
questa nuova Impressione per maggior comodita del 
Lettore, le materie di ciascun Libro ridotte sotto capi 
etc. In Venetia, mdcxxxxi. Per li Turrini." — SmcJl 
folio. Little differing from the preceding. 

1768.—" L' Architettura di M. Vitruvio Pollione coUa tradu- 
zione Italiana e Comento del Marchese Berardo Acca- 
demico Ercolanense, &c. In Napoli mdcclyiii. 
Nella Stamperia Simoniana.'^ Folio. Accompanied 
with the Latin text. 

1790. — Another Edition, by Galiani, similar to the preceding^ 
but without the Latin text. 
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BOOK THE FIRST. 



INTRODUCTION. 

Whilst, Csesar, your god-like mind and genius were 
engaged in acquiring the dominion of the world, your 
enemies having been all subdued by your unconquerable 
valour ; whilst the citizens were extoUing your victories, 
and the conquered nations were awaiting your nod; 
whilst the Roman senate and people, freed from alarm, 
were enjo3dng the benefit of your opinions and counsel 
for their governance ; I did not presume, at so unfit a 
period, to trouble you, thus engaged, with my writings 
on Architecture, lest I should have incurred your dis- 
pleasure. When, however, I found that your attention, 
not exclusively devoted to state afiairs, was bestowed on 
the state of the public buildings, so that the republic 
was not more indebted to you for its extended empire, 
in the addition of so many provinces, than for your 
numerous public buildings by which its grandeur is 
amply manifested, I considered it right that no time 
should be lost in laying these precepts before you. My 
reverence for the memory of your virtuous father, to 

B 



whom I was well known, and from whom, now a partici- 
pator in council with the gods, the empire descended to 
you, has been the cause of your good will towards me. 
Hence, together with M. Aurelius, P. Numisius, and Cn. 
Cornelius, I have been appointed to, and receive the 
emoluments arising from the care of, the various en- 
gines of war which you assigned to me on the recom- 
mendation of your sister. As, through your kindness, 
I have been thus placed beyond the reach of poverty, I 
think it right to address this treatise to you ; and I feel 
the more induced to do so from your having built, and 
being still engaged in the erection of, many edifices. 
It is proper to deliver down to posterity, as a memorial, 
some account of these your magnificent works. I have 
therefore given such definite directions for the conduct 
of works, that those already executed, as well as those 
hereafter to be constructed, may be by you well known 
and understood. In the following pages I have de- 
veloped all the principles of the art 
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CHAPTER I. 

WHAT AKCHITECTURE IS: AND OF THE EDUCATION 

OF AN ARCHITECT. 

Architecture is a science arising out of many other 
sciences, and adorned with much and varied learning ; by 
the help of which a judgment is formed of those works 
which are the result of other arts. Practice and theory 
are its parents. Practice is the frequent and continued 
contemplation of the mode of executing any given work, 
or of the mere operation of the hands, for the conversion 
of the material in the best and readiest way. Theory is 
the result of that reasoning which demonstrates and ex- 
plains that the material wrought has been so converted 
as to answer the end proposed. Wherefore the mere 
practical architect is not able to assign sufficient reasons 
for the forms he adopts ; and the theoretic architect also 
fails, grasping the shadow instead of the substance. He 
who is theoretic as well as practical, is therefore doubly 
armed ; able not only to prove the propriety of his de- 
sign, but equally so to carry it into execution. In 
architecture, as in other arts, two considerations must 
be constantly kept in view; namely, the intention, and 
the matter used to express that intention : but the inten- 
tion is founded on a conviction that the matter wrought 
will fully suit the purpose; he, therefore, who is not 
familiar with both branches of the art, has no pretension 
to the title of architect. An architect should be inge^ 
nious, and apt in the acquisition of knowledge. Deficient 
in either of these qualities, he cannot be a perfect master. 
He should be a good writer, a skilful draftsman, versed 
in geometry and optics, expert at figures, acquainted with 
history, informed on the principles of natural and moral 
philosophy, somewhat of a musician, not ignorant of 
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the sciences both of law and physic, nor of the motions, 
laws, and relations to each other, of the heavenly bodies. 
By means of the first named acquirement, he is to com- 
mit to writing his observations and experience, in order 
to assist his memory. Drawing is employed ui repre- 
senting the forms of his designs. Geometry affords 
much aid to the architect : to it he owes the use of the 
right line and circle, the level and the square ; whereby 
his delineations of buildings on plane surfaces are greatly 
facilitated. The science of optics enables him to intro- 
duce with judgment the requisite quantity of light, ac- 
cording to the aspect. Arithmetic estimates the cost,, 
and aids* in the measurement of the works; this, assisted 
by the laws of geometry, determines those abstruse 
questions, wherein the different proportions of some 
parts to others are Involved. Unless acquainted with 
history, he will be unable to account for the use of 
many ornaments which he may have occasion to intro- 
duce. For instance ; should any one wish for information 
on the origin of those draped matronal figures crowned 
with a mutulus and cornice, called Caryatides, he will 
explain it by the following history. Carya, a city of 
Peloponnesus, joined the Persians in their war against 
the Greeks. These in return for the treachery, after 
having freed themselves by a most glorious victory from 
the intended Persian yoke, unanimously resolved to levy 
war against the Caryans. Carya was, in consequence, 
taken and destroyed, its male population extinguished, 
and its matrons carried into slavery. That these cir- 
cimistances might be better remembered, and the nature 
of the triumph perpetuated, the victors represented them, 
draped, and apparently suffering under the burthen with 
which they were loaded, to expiate the crime of their 
native city. Thus, in their edifices, did the antient 
architects, by the use of these statues, hand down to pos- 
terity a memorial of the crime of the Caryans. Again ; 
a small nxmiber of Lacedaemonians, under the command 



of Pausanias, "^the son of Cleombrotos, overthrew the 
prodigious army of the Persians at the battle of Platea. 
After a triumphal exhibition of the spoil and booty, the 
proceeds of the valour and devotion of the victors were 
applied by the government in the erection of the Persian 
portico ; and, as an appropriate monument of the vic- 
tory, and a trophy for the admiration of posterity, its 
roof was supported by statues of the barbarians, m their 
magnificent costume ; indicating, at the same time, the 
merited contempt due to their haughty projects, intimi- 
dating their enemies by fear of their courage, and acting 
as a stimulus to their fellow countrymen to be always in 
readiness for the defence of the nation. This is the 
origin of the Persian order for the support of an en- 
tablature ; an invention which has enriched many a 
design with the singular variety it exhibits. Many other 
matters of history have a connexion with architecture, 
and prove the necessity of its professors being weU 
versed in it. Moral philosophy will teach the architect 
to be above meanness in his dealings, and to avoid ar- 
rogance : and will make him just, compliant and faithful 
to his employer ; and what is of the highest importance, 
it will prevent avarice gaining an ascendancy over him : 
for he should not be occupied with the thoughts of fillhig 
his coflFers, nor with the desire of grasping every thing 
in the shape of gain, but, by the gravity of his manners, 
and a good character, should be careful to preserve his 
dignity. In these respects we see the importance of 
moral philosophy; for such are her precepts. That 
branch of philosophy which the Greeks call <^ixrioXoyia, 
or the doctrine of physics, is necessary to him m the 
solution of various problems ; as for instance, in the 
conduct of water, whose natural force, in its meandering 
and expansion over flat countries, is often such as to re- 
quire restraints, which none know how to apply, but 
those who are acquainted with the laws of nature : nor, 
indeed, unless grounded in the first principles of physic, 
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can he study with profit the works of Gtesibius, Archi- 
medes, and many other authors who have written on the 
subject. Music assists him in the use of harmonic and 
mathematical proportion. It is, moreover, absolutely 
necessary in adjusting the force of the balistee, catapultSB, 
and scorpions, in whose frames are holes for the passage 
of the homotona, which are strained by gut-ropes at- 
tached to windlasses worked by hand-spikes. Unless 
these ropes are equally extended, which only a nice ear can 
discover by their sound when struck, the bent arms of 
the engine do not give an equal impetus when disen- 
gaged, and the strings, therefore, not being in equal 
states of tension, prevent the direct flight of the weapon. 
So the vessels called ^x^ia by the Greeks, which are 
placed in certain recesses under the seats of theatres, 
are fixed and arranged with a due regard to the laws of 
harmony and physics, their tones being fourths, fifths, 
and octaves ; so that when the voice of the actor is in 
unison with the pitch of these instruments, its power is 
increased and mellowed by impinging thereon. He would, 
moreover, be at a loss in constructing hydraulic and 
other engines, if ignorant of music. Skill in physic 
enables him to ascertain the salubrity of different tracts 
of country, and to determine the variation of climates, 
which the Greeks call Kki/mra : for the air and water of 
different situations, being matters of the highest import- 
ance, no building will be healthy without attention to 
those points. Law should be an object of his study, 
especially those parts of it which relate to party-walls, to 
the free course and discharge of the eaves' waters, the 
regulations of sesspools and sewage, and those relating 
to window lights. The laws of sewage require his par- 
ticular attention, that he may prevent his employers 
being involved in law-suits when the building is finished. 
Contracts, also, for the execution of the works, should 
be drawn with care and precision : because, when with- 
out legal flaws, neither party will be able to take advan- 



tage of the other. Astronomy instructs him in the 
points of the heavens, the laws of the celestial bodies, 
the equinoxes, solstices, and courses of the stars ; all of 
which should be well understood, in the construction 
and proportions of clocks. Since, therefore, this art is 
founded upon and adorned with, so many different sci- 
ences, I am of opinion that those who have not, from 
their early youth, gradually climbed up to the summit, 
cannot, without presumption, call themselves masters of 
it. Perhaps, to the uninformed, it may appear unac- 
countable that a man should be able to retain in his 
memory such a variety of learning ; but the close al- 
liance with each other, of the different branches of 
science, will explain the diflSculty. For as a body is 
composed of various concordant members, so does the 
whole circle of learning consist in one harmonious sys- 
tem. Wherefore those, who from an early age are 
initiated in the different branches of learning, have a 
facility in acquiring some knowledge of all, from their 
common connexion with each other. On this account 
Pythius, one of the antients, architect of the noble 
temple of Minerva at Priene, says, in his commentaries, 
that an architect should have that perfect knowledge of 
each art and science which is not even acquired by the 
professors of any one in particular^ who have had every 
opportunity of improving themselves in it. This, how- 
ever, cannot be necessary ; for how can it be expected 
that an architect should equal Aristarchus as a gramma- 
rian, yet should he not be ignorant of grammar. In 
music, though it be evident he need not equal Aris- 
toxenus, yet he should know something of it. Though 
he need not excel, as Apelles, in painting, nor as Myron 
or Polycletus, in sculpture, yet he should have attained 
some proficiency in these arts. So, in the science of 
medicine, it is not required that he should equal Hippo- 
crates. Thus also, in other sciences, it is not important 
that pre-eminence in each be gained, but he must not, 
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however, be ignorant of the general principles of each. 
For in such a variety of matters, it cannot be supposed 
that the same person can arrive at excellence in each, 
since to be aware of their several niceties and bearings, 
cannot fall within his power. We see how few of those 
who profess a particular art arrive at perfection In it, so 
as to distinguish themselves : hence, if but few of those 
practising an . individual art, obtain lasting fame, how 
should the architect, who is required to have a know- 
ledge of so many, be deficient in none of them, and 
even excel those who have professed any one exclusively. 
Wherefore Pythius seems to have been in error, for- 
getting that art consists in practice and tHeory. Theory 
is common to, and may be knQwn by all, but the result 
of practice occurs to the artist in his own art only. The 
physician and musician are each obliged to have some 
regard to the beating of the pulse, and the motion of 
the feet, but who would apply to the latter to heal a 
wound or cure a malady ? so, without the aid of the for- 
mer, the musician affects the ears of his audience by 
modulations upon his instrument. The astronomer and 
musician delight in similar proportions, for the positions 
of the stars, which are quartile and trine, answer to a 
fourth and fifth in harmony. The same analogy holds 
In that branch of geometry which the Greeks caU X0709 
oTrrucos: indeed, throughout the whole range of art, there 
are many incidents common to all. Practice alone can 
lead to excellence in any one : that architect, therefore, 
is sufficiently educated, whose general knowledge ena- 
bles him to give his opinion on any branch when re- 
quired to do so. Those unto whom nature has been so 
bountiful that they are at once geometricians, astrono- 
mers, musicians, and skilled in many other arts, go 
beyond what is required of the architect, and may be 
properly called mathematicians, in the extended sense of 
that word. Men so gifted, discriminate acutely, and 
are rarely met with. Such, however, was Aristarchus of 
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Samos, Philolans and Archytas of Tarentnm, Apollonius 
of Perga, Eratosthenes of Gyrene, Archimedes and Sco- 
pinas of Syracuse : each of whom wrote on all the 
sciences. Since, therefore, few men are thus gifted, and 
yet it is required of the architect to be generally well 
informed, and it is manifest he cannot hope to excel in 
each art, I beseech you, O Ceesar, and those who read 
this my work, to pardon and overlook grammatical er- 
rors ; for I write neither as an accomplished philosopher, 
an eloquent rhetorician, nor an expert grammarian, but 
as an architect : in respect, however, of my art and its 
principles, I will lay down rules which may serve as an 
authority to those who build, as well as to those who are 
already somewhat acquainted with the science. 



CHAPTER II. 

OF THOSE THINGS ON WHICH ABCHITECTURE 

DEPENDS. 

Abchitectube depends on fitness (ordinatio) and ar- 
rangement (dispositio), the former being called ro^is, in 
Greek, and the latter SiajSeaus ; it also depends on pro- 
portion, uniformity, consistency, and economy, which the 
Greeks call ohcayofxuL, Fitness is the adjustment of size 
of the several parts to their several uses, and requires 
due regard to the general proportions of the 'fabric: it 
arises out of dimension (quantitas), which the Greeks call 
irocronji* Dimension regulates the general scale of the 
work, so. that the parts may all tell and be effective. 
Arrangement is the disposition in their just and proper 
places of all the parts of the building, and the pleasing 
effect of the same ; keeping in view its appropriate cha- 
racter. It is divisible into three heads, which, considered 

b3 
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together, constitute design : these, hy the Greeks, are 
named iScoi: they are called ichnography, orthography, 
and scenography. The first is the representation on a 
plane of the ground-plan of the work, drawn hy rule and 
compasses. The second is the elevation of the front, 
slightly shadowed, and shewing the forms of the intended 
huilding. The last exhihits the front and a receding side 
properly shadowed, the lines heing drawn to their proper 
vanishing points. These three are the result of thought 
and invention. Thought is an effort of the mind, ever 
incited hy the pleasure attendant on success in compass- 
ing an ohject. Invention is the effect of this effort; 
which throws a new light on things the most recondite, 
and produces them to answer the intended purpose. 
These are the ends of arrangement. Proportion is that 
agreeahle haimony hetween the several parts of a huild- 
ing, which is the result of a just and regular agreement 
of them with each other ; the height to the width, this 
to the length, and each of these to the whole. Uni- 
formity is the parity of the parts to one another ; each 
corresponding with its opposite, as in the human figure. 
The arms, feet, hands, fingers, are similar to, and sym- 
metrical with, one another; so should the respective 
parts of a huilding correspond. In sacred huildings, 
for instance, measures for the columns and the width 
of the tiiglyphs must he similar. In the halista, hy the 
size of the hole which the Greeks call Trcptr/si/rov ; in 
ships, hy the space between the thowls, which space in 
Greek is called Sitd/xo^'ic^, we have a measure, by the 
knowledge of which the whole of the construction of 
a vessel may be developed. Consistency is found in that 
work whose whole and detail are suitable to the occasion. 
It arises from circumstance, custom, and nature. From 
circumstance, which the Greeks call O^imrurfu^, when 
temples are built, hypsethral and uninclosed, to Jupiter 
Thunderer, Coelus, the Sun and Moon; because these 
divinities are continually known to us by their pre- 
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sence night and day, and throughoat all space. For a 
similar reason, temples of the Doric order are erected 
to Minerva, Mars, and Hercules ; on account of whose 
valour, their temples should he of masculine propor- 
tions, and without delicate ornament. The character 
of the Corinthian order seems more appropriate to 
Venus, Flora, Proserpine, and Njmphs of Fountains; 
because its slendemess, elegance and richness, and its 
ornamental leaves surmounted by volutes, seem to 
bear an analogy to their dispositions. A medium be- 
tween these two is chosen for temples to Juno, Diana, 
Bacchus, and other similar deities, which should be of 
the Ionic order, tempered between the severity of the 
Doric and the slendemess and delicacy of the Corinthian 
order. In respect of custom, consistency is preserved 
when the vestibules of magnificent edifices are conve- 
niently contrived and richly finished : for those buildings 
cannot be said to be consistent, to whose splendid in- 
teriors you pass through poor and mean entrances. So 
also, if dentiUed cornices are used in the Doric order, 
or triglyphs applied above the voluted Ionic, thus trans- 
ferring parts to one order which properly belong to 
another, the eye wiU be offended, because custom other- 
wise applies these peculiarities. Natural consistency 
arises from the choice of such situations for temples as 
possess the advantages of salubrious air and water; 
more especially in the case of temples erected to ^Escu- 
lapius, to the Goddess of Health, and such other divini* 
ties as possess the power of curing diseases. For thus 
the sick, changing the unwholesome air and water to 
which they have been accustomed for those that are 
healthy, sooner recover; and a reliance [upon the 
divinity will be therefore increased by proper choice of 
situation. Natural consistency also requires that cham- 
bers should be lighted from the east ; baths and winter 
apartments from the south-west ; picture and other 
galleries which require a steady light, from the north. 
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because from that quarter the light is not sometimes 
brilliant and at other times obscured, but is nearly the 
same throughout the day. Economy consists in a due 
and proper application of the means afforded according 
to the ability of the employer and the situation chosen ; 
care being taken that the expenditure is prudently con- 
ducted. In this respect the architect is to avoid the use 
of materials which are not easily procured and prepared 
on the spot. For it cannot be expected that good pit- 
sand, stone, fir of either sort, or marble, can be procured 
every where in plenty, but they must, in some instances, 
be brought from a distance, with much trouble and at 
great expense. In such cases, river or sea-sand may be 
substituted for pit-sand ; cypress, poplar, elm, and pine, 
for the different sorts of fir; and the like of the rest, 
according to circumstances. The other branch of eco- 
nomy consists in suiting the building to the use which 
is to be made of it, the money to be expended, and the 
elegance appropriate thereto; because, as one or other 
of these circumstances prevails, the design should be 
varied. That which would answer very well as a town 
house, would ill suit as a country house, in which store- 
rooms must be provided for the produce of the farm. 
So the houses of men of business must be differently 
designed from those which are built for men of taste. 
Mansions for men of consequence in the government 
must be adapted to their particular habits. In short, 
economy must ever depend on the circumstances of the 
case. 
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CHAPTER III. 

OF THE DIFFERENT BRANCHES OF ARCHITECTURE. 

Abghitectube consists of three branches ; namely, build- 
ing, dialling, and mechanics. Building is divided into 
two parts. The first regulates the general plan of the 
walls of a city and its public buildings ; the other re- 
lates to private buildings.^ Public buildings are for three 
purposes ; defence, religion, and the security of the pub- 
lic. Buildings for defence are those walls, towers, and 
gates of a town, necessary for the continual shelter of its 
inhabitants against the attacks of an enemy. Those for 
the purposes of religion are the fanes and temples of the 
immortal gods. Those for public convenience are gates, 
fora or squares for market-places, baths, theatres, walks, 
and the like ; which, being for public use, are placed in 
public situations, and should be arranged so as best to 
meet the convenience of the public. All these should pos- 
sess strength, utility, and beauty. Strength arises from 
carrying down the foundations to a good solid bottom, 
and from making a proper choice of materials without 
parsimony. Utility arises from a judicious distribution of 
the parts, so that their purposes be duly answered, and 
that each have its proper situation. Beauty is produced 
by the pleasing appearance and good taste of the whole, 
and by the dimensions of all the parts being duly pro- 
portioned to each other. 
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CHAPTER IV. 

OF THE CHOICE OF HEALTHY SITUATIONS. 

In setting out the walls of a city the choice of a healthy 
situation is of the first importance : it should be on high 
ground, neither subject to fogs nor rains ; its aspects 
should be neither violently hot nor intensely cold, but 
temperate in both respects. The neighbourhood of a 
marshy place must be avoided ; for in such a site the 
morning air, uniting with the fogs that rise in the neigh- 
bourhood, will reach the city with the rising sun ; and 
these fogs and mists, charged with the exhalation of the 
fenny animals, will diffuse an unwholesome effluvia over 
the bodies of the inhabitants, and render the place pesti- 
lent. A city on the sea side, exposed to the south or 
west, will be insalubrious ; for in sunmier mornings, a 
city thus placed would be hot, at noon it would be 
scorched. A city, also, with a western aspect, would even 
at sunrise be warm, at noon hot, and in the evening of 
a burning temperature. Hence the constitutions of the 
inhabitants of such places, from such continual and ex- 
cessive changes of the air, would be much vitiated. This 
effect is likewise produced on inanimate bodies : nobody 
would think of lighting his wine-cellar from the south or 
the west, but from the north, an aspect not liable to 
these violent changes. In granaries whose aspects are 
south of the east or west, the stores are soon ruined ; 
and provisions, as well as fruits, cannot be long preserved 
imlesskept in apartments whose aspects are north of the 
east or west. For heat, which acts as an alterative, by 
drying up the natural moisture of any body, destroys and 
rots those substances on which it acts. Iron, for instance, 
naturally of a hard texture, becomes so soft when heated 
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in a forge as to be easily wrought into any form ; but if, 
when heated, it is suddenly immersed in cold water, it 
immediately regains its original quality. Thus, not only 
in unwholesome, but also in salubrious districts, the 
summer heats produce languor and relaxation of body ; 
and in winter, even the most pestilential situations be- 
come wholesome, inasmuch as the cold strengthens and 
restores the constitution of the inhabitants. Hence, 
those who change a cold for a hot climate, rarely escape 
sickness, but are soon carried off; whereas, on the other 
hand, those who pass from a hot to a cold climate, far 
from being injured by the change, are thereby generally 
strengthened. Much care, then, should be taken so to 
set out the walls of a city, that it may not be obnoxious 
to the pestilential blasts of the hot winds. For as, ac- 
cording to those principles which the Greeks call aroixtia, 
all bodies are compounded of fire, water, earth, and air, 
by whose union and varying proportions the different 
qualities of animals are engendered ; so, in those bodies 
wherein fire predominates, their temperament is de- 
stroyed, and their strength dissipated. Such is the case 
in exposure to certain aspects of the heavens whence the 
heat insinuates itself through the pores in a greater de- 
gree than the temperature of the system will bear. Bodies 
which contabi a greater proportion of water than is neces- 
sary to balance the other elements, are speedily corrupted, 
and lose their virtues and properties. Hence bodies are 
much injured by damp winds and atmosphere. Lastly, 
the elements of earth and air being increased or dimi- 
nished more than is consistent with the temperature of 
any given body, will have a tendency to destroy its equi- 
librium ; the earthly elements by repletion, the aerial by 
the weight of the atmosphere. If any one doubt this, let 
him study the different natures of birds, fishes, and ani- 
mals of the land, and he will easily perceive the truth of 
these principles, from the variety existiag among them. 
For there is one flesh of birds, another of fishes, and an- 
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other, very different, of land animals. Birds have a small 
proportion of earth and water in their nature, a moderate 
quantity of heat, and a considerable portion of air; whence, 
being light by nature, from their component elements, 
they more easily raise themselves in the air. FisHes, by 
nature adapted to the watery element, are compounded 
of but a moderate degree of heat, a considerable pro- 
portion of air and earth, and a very small portion of 
water, the element in which they live ; and hence, easier 
exist in it. Wherefore, when removed from it, they soon 
die. Terrestrial animals, being constituted with much 
air, heat, and water, and but little earth, cannot live in the 
water, on account of the quantity of that element naturally 
preponderating in their composition. Since, then, we are 
thus constantly reminded, by our senses, that the bodies 
of animals are so constituted, and we have mentioned 
that they suffer and die from the want or superabundance 
of any one element not suitable to their temperament, 
surely much circumspection should be used in the choice 
of a temperate and healthy site for a city. The precepts 
of the ancients, in this respect, should be ever observed. 
They always, after sacrifice, carefully inspected the livers 
of those animals fed on that spot whereon the city was 
to be built, or whereon a stative encampment was in- 
tended. If the livers were diseased and livid, they tried 
others, in order to ascertain whether accident or disease 
was the cause of the imperfection ; but if the greater 
part of the experiments proved, by the sound and 
healthy appearance of the livers, that the water and food 
of the spot were wholesome, they selected it for the gar- 
rison. If the reverse, they inferred, as in the case of 
cattle, so in that of the human body, the water and food 
of such a place would become pestiferous ; and they 
therefore abandoned it, in search of another, valuing 
health above all other considerations. That the salubrity 
of a tract of land is discovered by the pastures or food 
which it furnishes, is sufficiently clear, from certain qua- 
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lities of the lands in Crete, sitaate in the yicinity of the 
river Pothereus, which lie between the two states of 
Gnosus and Gortyna. There are pasturages on each side 
of this river : the cattle, however, pastured on the Gnos- 
sian side, when opened, are found with their spleens 
perfect; whilst those on the opposite side, nearer to 
Gortyna, retain no appearance of a spleen. Physicians, 
in their endeavours to account for this singular circum- 
stance, discovered a species of herb eaten by the cattle, 
whose property was that of diminishing the spleen. 
Hence arose the use of the herb which the Cretans call 
^bcnrXi/vos, as a cure for those affected with enlarged 
spleen. When, therefore, a city is built in a marshy 
situation near the sea-coast, with a northern, north- 
eastern, or eastern aspect, on a marsh whose level is 
higher than the shore of the sea, the site is not alto- 
gether improper ; for by means of sewers the waters may 
be discharged into the sea : and at those times, when 
violently agitated by storms, the sea swells and runs up 
the sewers, it mixes with the water -of the marsh, and 
prevents the generation of marshy insects ; it also soon 
destroys such as are passing from the higher level, by 
the saltness of its water to which they are unaccustomed. 
An instance of this kind occurs in the Gallic marshes 
about Altinum, Eavenna, and Aquileia, and other places 
in Cisalpine Gaul, near marshes which, for the reasons 
above named, are remarkably healthy. When the 
marshes are stagnant, and have no drainage by means of 
rivers or drains, as is the case with the Pontine marshes, 
they become putrid, and emit vapours of a heavy and 
pestilent nature. Thus the old city of Salapia, in 
Apulia, built, as some say, by Diomedes on his return 
from Troy, or, as others write, by Elphias the Khodian, 
was so placed that the inhabitants were continually out 
of health. At length they applied to Marcus Hostilius, 
and publicly petitioned him, and obtained his consent, 
to be allowed to seek and select a more wholesome spot 
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to which the city might be removed. Without delay^ 
and with much judgment, he bought an estate in a 
healthy place close to the sea, and requested the Roman 
senate and people to permit the removal of the city. He 
then set out the walls, and assigned a portion of the soil 
to each citizen at a moderate valuation. After which, 
opening a communication between the lake and the sea, 
he converted the former into an excellent harbour for the 
city. Thus the Salapians now inhabit a healthy situa- 
tion, four miles &om their ancient city. 



CHAPTER V. 

OF THE FOUNDATIONS OF WALLS AND TOWERS. 

When we are satisfied with the spot fixed on for the 
site of the city, as well in respect of the goodness of 
the air as of the abundant supply of provisions for 
the support of the population, the communications by 
good roads, and river or sea navigation for the transport 
of merchandise, we should take into consideration the 
method of constructing the walls and towers of the city. 
Their foundations should be carried down to a solid hot- 
tom, if such can be found, and should be built thereon 
of such thickness as may be necessary for the proper 
support of that part of the wall which stands above the 
natural level of the ground. They should be of the 
soundest workmanship and materials, and of greater 
thickness than the walls above. From the exterior face 
of the wall, towers must be projected, from which an ap- 
proaching enemy may be annoyed by weapons, from the 
embrasures of those towers, right and left. An easy 
approach to the walls must be provided against : indeed 
they should be surrounded by uneven ground, and the 
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roads leading to the gates should be winding and turn 
to the left from the gates. By this arrangement, the 
right sides of the attacking troops, which are not covered 
by their shields, will be open to the weapons of the be- 
sieged. The plan of a city should not be square, nor 
formed with acute angles, but polygonal ; so that the 
motions of the enemy may be open to observation. A 
city whose plan is acute-angled, is with difficulty de- 
fended ; for such a form protects the attacker more than 
the attacked. The thickness of the walls should be suf- 
ficient for two armed men to pass each other with ease. 
The walls ought to be tied, from front to rear, with many 
pieces of charred olive wood ; by which means the two 
faces, thus connected, will endure for ages. The advan- 
tage of the use of olive is, that it is neither affected by 
weather, by rot, or by age. Buried in the earth, or 
immersed in water, it lasts unimpaired: and for this 
reason, not only walls, but foundations, and such walls as 
are of extraordinary thickness, tied together therewith, 
are exceedingly lasting. The distance between each 
tower should not exceed an arrow's flight ; so that if, at 
any point between them, an attack be made, the besiegers 
may be repulsed by the scorpions and other missile en- 
gines stationed on the towers right and left of the point 
in question. The walls will be intercepted by the lower 
parts of the towers where they occur, leaving an interval 
equal to the width of the tower ; which space the tower 
will consequently occupy : but the communication across 
the void inside the tower, must be of wood, not at all 
fastened with iron : so that, if the enemy obtain posses- 
sion of any part of the walls, the wooden communication 
may be promptly cut away by the defenders, and thus 
prevent the enemy from penetrating to the other parts of 
the walls without the danger of precipitating themselves 
into the vacant hollows of the towers. The towers should 
be made either round or polygonal. A square is a bad 
form, on account of its being easily fractured at the 
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quoins by the battering-ram ; whereas the circular tower 
has this advantage, that, when battered, the pieces of 
masonry whereof it is composed being cuneiform, they 
cannot be driven in towards their centfe without dis- 
placing the whole mass. Nothing tends more to the 
security of walls and towers, than backing them with walls 
or terraces : it counteracts the effects of rams as well as 
of undermining. It is not, however, always necessary to 
construct them in this manner, except in places where the 
besiegers might gain high ground very near the walls, 
from which, over level ground, an assault could be made. 
In the construction of ramparts, very wide and deep 
trenches are to be first excavated ; the bottom of which 
must be still further dug out, for receiving the foundation 
of the wall. This must be of sufficient thickness to resist 
the pressure of the earth against it. Then, according to 
the space requisite for drawing up 1he cohorts in military 
order on the rampart, another wall is to be built within 
the former, towards the city. The outer and inner walls 
are then to be connected by cross walls, disposed on the 
plan after the manner of the teeth of a comb or of a saw, so 
as to divide the pressure of the fiUing in earth into many 
and less forces, and thus prevent the walls from being 
thrust out. I do not think it requisite to dilate on the 
materials whereof the wall should be composed ; because 
those which are most desirable, cannot, from the situation 
of a place, be always procured. We must, therefore, use 
what are found on the spot ; such as square stones, flint, 
rubble stones, burnt or unbumt bricks ; for every place 
is not provided, as is Babylon, with such a substitute for 
lime and sand as burnt bricks and liquid bitumen ; yet 
there is scarcely any spot which does not furnish materials 
whereof a durable wall may not be built. 
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CHAPTER VI. 

OF THE DISTRIBUTION AND SITUATION OF BUTLD- 
INGS WITHIN THE WALLS. 

Theib circuit being completed, it behoves us to consider 
the manner of disposing of the area of the space enclosed 
within the walls, and the proper directions and aspects 
of the streets and lanes. Thej* should be so planned as 
to exclude the winds : these, if cold, are unpleasant ; if 
hot, are hurtful ; if damp, destructive. A fault in this 
respect must be therefore avoided, and care taken to 
prevent that which occurs in so many cities. For in- 
stance ; in the island of Lesbos, the town of Mytilene is 
magnificently and elegantly designed, and well built, but 
imprudently placed. When the south wind prevails in 
it, the inhabitants fall sick ; the north-west wind affects 
them with coughs ; and the north wind restores them to 
health : but the intensity of the cold therein is so great, 
that no one can stand about in the streets and lanes. 
Wind is a floating wave of air, whose undulation con- 
tinually varies. It is generated by the action of heat 
upon moisture, the rarefaction thereby produced creating 
a continued rush of wind. That such is the case, may 
be satisfactorily proved by observations on brazen seo- 
lipylse, which clearly shew that an attentive examination 
of human inventions often leads to a knowledge of the 
general laws of nature, -^olipylse are hollow brazen 
vessels, which have an opening or mouth of small size, 
by means of which they can be filled with water. Pre- 
vious to the water being heated over the fire, but little 
wind is emitted ; as soon, however, as the water begins 
to boil, a violent wind issues forth. Thus a simple ex- 
periment enables us to ascertain and determine the 
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causes and effects of the great operations of the heavens 
and the winds. In a place sheltered from the winds, 
those who are in health preserve it, those who are ill 
soon recover, though in other, even healthy places, 
they would require different treatment, and this entirely 
on account of their shelter from the winds. The dis- 
orders difficult to cure in exposed situations are colds, 
the gout, coughs, phthisis, pleurisy, spitting of blood, 
and those diseases which are treated by replenishment 
instead of exhaustion of the natural forces. Such dis- 
orders are cured with difficulty. First, because they are 
the effect of cold ; secoi)41y» because the strength of the 
patient being greatly diminished by the disorder, the air 
agitated by the action of the winds becomes poor and 
exhausts the body's moisture, tending to make it low 
and feeble; whereas, that air which from its soft and 
thick nature is not liable to great agitation, nourishes 
and refreshes its strength. According to some, there 
are but four winds, namely, Solanus, the east wind, 
Auster, the south wind, Favonius, the west wind, and 
Septentrio, the north wind. But those who are more 
curious in these matters reckon eight winds; among 
such was Andronicus Cyrrhestes, who, to exemplify the 
theory, built at Athens an octagonal marble tower, on 
each side of which was sculptured a figure representing 
the wind blowing from the quarter opposite thereto. 
On the top of the roof of this tower a brazen Triton 
with a rod in his right hand moved on a pivot, and 
pointed to the figure of the quarter in which the wind 
lay. The other winds not above named are Eurus, the 
south-east wind, Africus, the south-west wind, Cauros, 
by many called Corns, the north-west wind, and Aquilo 
the north-east wind. Thus are expressed the ninnber 
and names of the winds and the points whence they 
blow. To find and lay down their situation we pro- 
ceed as follows : let a marble slab be fixed level in 
the centre of the space enclosed by the walls, or let 
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the ground be smoothed or levelled, so that the slab 
may not be necessary. In the centre of this plane, for 
the purpose of marking the shadow correctly, a brazen 
gnomon must be erected. The Greeks call this gnomon 
oToo^pas. The shadow cast by the gnomon is to be 
marked about the fifth ante-meridional hour, and the 
extreme point of the shadow accurately determined. 
From the central point of the space whereon the gno- 
mon stands, as a centre, with a distance equal to the 
length of shadow just observed, describe a circle. 
After the sun has passed the meridian, watch the sha- 
dow which the gnomon continues to cast till the moment 
when its extremity again touches the circle which has 
been described. From the two points thus obtained in 
the circumference of the circle describe two arcs in- 
tersecting each other, and through their intersection and 
the centre of the circle first described draw a line to 
its extremity : this line will indicate the north and south 
points. One-sixteenth part of the circumference of the 
whole circle is to be set out to the right and left of 
the north and south points, and drawing lines from the 
points thus obtained to the centre of the circle, we have 
one-eighth part of the circumference for the region of 
the north, and another eighth part for the region of the 
south. Divide the remainders of the circumference on 
each side into three equal parts, and the divisions or re- 
gions of the eight winds will be then obtained : then let 
the directions of the streets and lanes be determined by 
the tendency of the lines which separate the different 
regions of the winds. Thus will their force be broken 
and turned away from the houses and pubCc ways ; for 
if the directions of the streets be parallel to those of the 
winds, the latter will rush through them with greater 
violence, since firom occupying the whole space of the 
surrounding country they will be forced up through a 
narrow pass. Streets or public ways ought therefore to 
be so set out, that when the winds blow hard their vio- 
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lence may be broken against the angles of the different 
divisions of the city, and thus dissipated. Those who 
are accustomed to the names of so many winds, will 
perhaps be surprised at our division of them into eight 
only ; but if they reflect that the circuit of the earth 
was ascertained by Eratosthenes of Cyrene, from mathe- 
matical calculations, founded on the sun's course, the 
shadow of an equinoctial gnomon, and the obliquity of 
the heavens, and was discovered to be equal to two 
hundred and fifty-two thousand stadia or thirty-one mil- 
lions and five hundred thousand paces, an eighth part 
whereof, as occupied by each wind, being three millions 
nine hundred and thirty-seven thousand five hundred 
paces, their surprise will cease, because of the number 
of impediments and reverberations it must naturally be 
subject to in travelling such distance through such 
varied space. To the right and left of the south wind 
blow respectively Euronotus and Altanus. On the sides 
of Afiicus, the south-west wind, Libonotus southward 
and Subvesperus northward. On the southern side of 
Favonius, the west wind, Argestes, and on its northern 
side EtesisB. On the western side of Caurus, the north- 
west wind, Circius, on its northern side Corns. On the 
western and eastern sides respectively of Septenlrio, the 
north wind, Thrascias and Gallicus. From the northern 
side of Aquilo, the north-east wind, blows Supemas, 
from its southern side Boreas. Solanus, the east wind, 
has Carbas on its northern side, and OmithisB on its 
southern side. Eurus, the south-east wind, has Ceecias 
and Yultumus on its eastern and southern sides re- 
spectively. Many other names, deduced from particular 
places, rivers, or mountain storms, are given to the 
winds. There are also the morning breezes, which the 
sun rising from his subterranean regions, and acting 
violently on the humidity of the air collected during 
the night, extracts from the morning vapours. These 
remain after sunrise, and are classed among the east 
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winds, and hence receive the name of ^po^ given hy the 
Greeks to that wind, so also from the morning breezes 
they called the morrow avpu>v. Some deny that Eratos- 
thenes was correct in his measure of the earth, whether 
with propriety or otherwise, is of no consequence in 
tracing the regions whence the winds blow: for it is 
clear there is a great difference between the forces with 
which the several winds act. Inasmuch as the brevity 
with which the foregoing rules are laid down may pre- 
vent their being clearly understood, I have thought it 
right to add for the clearer understanding thereof two 
figures, or as the Greeks call them ox^/tara, at the end 
of this book. The first shows the precise regions whence 
the different winds blow. The second, the method of 
disposing the streets in such a manner as to dissipate 
the violence of the winds and render them innoxious. 
Let A be the centre of a perfectly level and plane tablet 
whereon a gnomon is erected. The ante-meridional 
shadow of the gnomon being marked at £, from A, as 
a centre with the distance A£, describe a complete 
circle. Then replacing the gnomon correctly, watch its 
increasing shadow, which after the sun has passed his 
meridian, will gradually lengthen till it become exactly 
equal to the shadow made in the forenoon, then again 
touching the circle at the point C. From the points 
B and C, as centres, describe two arcs cutting each 
other in D. From the point D, through the centre 
of the circle, draw the line EF, which will give the 
north and south points. Divide the whole circle into 
sixteen parts. From the point E, at which the southern 
end of the meridian line touches the circle, set off at 
G and H to the right and left a distance equal to one 
of the said sixteenth parts, and in the same manner 
on the north side, placing one foot of the compasses 
on the point F, mark on each side the points I and K, 
and with lines drawn through the centre of the circle 
join the points GK and HI, so that the space from G 
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to H will be given to the south wind and its region ; 
that from I to K to the north wind. The remaining 
spaces on the right and left are each to be divided 
into three equal parts ; the extreme points of the divid- 
ing lines on the east sides, to be designated by the 
letters L and M ; those on the west by the letters N O ; 
from M to O and from L to N draw lines crossing 
each other: and thus the whole circumference will be 
divided into eight equal spaces for the winds. The 
figure thus described will be furnished with a letter 
at each angle of the octagon. Thus, beginning at the 
south, between the regions of Eurus and Auster, will be 
the letter G ; between those of Auster and Africus, H ; 
between Africus and Favonius, N ; between that and 
Caurus, ; K between Caurus and Septentrio ; be- 
tween Septentrio and Aquilo, I; between Aquilo and 
Solanus, L ; and between that and Eurus, M. Thus 
adjusted, let a bevel gauge be applied to the different 
angles of the octagon, to determine the directions of the 
different streets and lanes. 



CHAPTER Vn. 

OF THE CHOICE OF SITUATIONS FOR PUBLIC 

BUILDINGS. 

The lanes and streets of the city being set out, the 
choice of sites for the convenience and use of the state 
remains to be decided on ; for sacred edifices, for the 
forum, and for other public buildings. If the place ad- 
join the sea, ' the forum should be seated close to the 
harbour: if inland, it should be in the centre of the 
town. The temples of the gods, protectors of the city, 
also those of Jupiter, Juno, and Minerva, should be on 
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some eminence which commands a view of the greater 
part of the city. The temple of Mercury should be 
either in the forum, or, as also the temple of Isis and 
Serapis, in the great public square. Those of Apollo 
and Father Bacchus near the theatre. If there be 
neither amphitheatre nor gymnasium, the temple of 
Hercules should be near the Circus. The temple of 
Mars should be out of the city, in the neighbouring 
country. That of Venus near to the gate. According 
to the revelations of the Hetrurian Haruspices, the 
temples of Venus, Vulcan, and Mars should be so placed 
that those of the first be not in the way of contaminating 
the matrons and youth with the influence of lust ; that 
those of Vulcan be away from the city, which would con- 
sequently be freed from the danger of fire ; the divinity 
presiding over that element being drawn away by the 
rites and sacrifices performing in his temple. The 
temple of Mars should be also out of the city, that no 
armed frays may disturb the peace of the citizens, and 
that this divinity may, moreover, be ready to preserve 
them from their enemies and the perils of war. The 
temple of Ceres should be in a soHtary spot out of the 
city, to which the public are not necessarily led but for 
the purpose of sacrificing to her. This spot is to be 
reverenced with religious awe and solemnity of de- 
meanour, by those whose affairs lead them to visit U. 
Appropriate situations must also be chosen for the 
temples and places of sacrifice to the other divinities. 
For the construction and proportions of the edifices 
themselves, I shall give rules in the third and fourth books ; 
because it appears to me, that in the second book I 
ought to explain the nature of the different materials 
employed in building, their qualities and use ; and then, 
in the other books, to give rules for the dimensions of 
buildings, the orders, and their proportions. 
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BOOK THE SECOND. 



INTRODUCTION. 

DiNOGBATEs the architect, relying on the powers of his 
skill and ingenuity, whilst Alexander was in the midst of 
his conquests, set out from Macedonia to the army, de- 
sirous of gaining the commendation of his sovereign. 
That his introduction to the royal presence might be fa- 
cilitated, he obtained letters from his countrymen and 
relations, to men of the first rank and nobility about the 
king's person ; by whom being kindly received, he be- 
sought them to take the earliest opportunity of accom- 
plishing his wish. They promised fairly, but were slow 
in performing; waiting, as they alleged, for a proper 
occasion. Thinking, however, they deferred this without 
just grounds, he took his own course for the object he 
had in view. He was, I should state, a man of tall 
stature, pleasing countenance, and altogether of dignified 
appearance. Trusting to the gifts with which nature 
had thus endowed him, he put off his ordinary clothing, 
and having anointed himself with oil, crowned his head 
with a wreath of poplar, slung a lion's skin across his 
left shoulder, and carrying a large club in his right hand, 
he sallied forth to the royal tribunal, at a period when 
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the king was dispensing justice. The novelty of his ap- 
pearance excited the attention of the people ; and Alex- 
ander soon discovering, with astonishment, the ohject of 
their curiosity, ordered the crowd to make way for him, 
and demanded to know who he was. " A Macedonian 
architect," replied Dinocrates, " who suggests schemes 
and designs worthy yoilr royal renowii. I propose to 
form Mount Athos into the statue of a man holding a 
spacious city in his left hand, and in his right a huge 
vase, into which shall he collected all the streams of the 
mountain, T^hich shall thence he poured into the sea." 
Alexander, delighted at the proposition, made immediate 
inquiry if the soil of the neighbourhood were of a quality 
capable of yielding sufficient produce for such a state. 
When, however, he found tiiiat all its supplies must be 
furnished by sea, he thus addressed Dinocrates : " I' ad- 
mire the grand outline of your scheme, and am well 
pleased with it : but I am of opinion he would be much 
to blame who planted a colony on such a spot* For as 
an infant is nourished by the milk of its mother, de- 
pending thereon for its progress to maturity, so a city 
depends on the fertility of the country surrounding it 
for its riches, its strength in population, and not 
less for its defence against an enemy. Though your 
plan might be carried into execution, yet I think it 
impolitic. I nevertheless request your attendance on 
me, that I may otherwise avail myself of your ingenuity." 
From that time Dinocrates was in constant attendance 
on the king, and followed him into Egypt; where Alex- 
ander having perceived a spot, at the same time naturally 
strong, the centre of the commerce of the country, a land 
abounding with com, and having those facilities of trans- 
port which the Nile afforded, ordered Dinocrates to build 
a city whose name should be Alexandria. Dinocrates 
obtained this honour through his comely person and 
dignified deportment. But to me. Emperor, nature hath 
denied an ample stature ; my face is wrinkled with age. 
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and sickness has impaired my constitation. Deprived 
of these natural accomplishments, I hope, however, 
to gain some commendation through the aid of mj 
scientific acquirements, and the precepts I shall de- 
liver. In the first book I have .treated of architecture, 
and the parts into which it is divided ; of the 
walls of a city, and the division of the space within 
the walls. The directions for the construction of 
sacred buildings, their proportions and symmetry, will 
follow and be explained : but I think they will be out of 
place, unless I previously give an account of the mate- 
rials and workmanship used in their erection, together 
with an investigation of their several properties and ap- 
plication in different cases. Even this I must preface 
with an inquiry into the origin and various species of 
the earliest buildings, and their gradual advance to per- 
fection. In this I shall follow the steps of Nature herself, 
and those who have written on the progress from savage 
to civilized life, and the inventions consequent on the 
latter state of society. Thus guided, I will proceed. 



CHAPTEE I. 

OF THE ORIGIN OF BUILDING. 

Mankind originally brought forth like the beasts of the 
field, in woods, dens, and groves, passed their lives in 
a savage manner, eating the simple food which nature 
afforded. A tempest, on a certain occasion, having ex- 
ceedingly agitated the trees in a particular spot, the fric- 
tion between some of the branches caused them to take 
fire ; this so alarmed those in the neighbourhood of the 
occurrence, that they betook themselves to flight. Eetum- 
ing to the spot after the tempest had subsided, and find- 
ing the warmth which had thus been created extremely 
comfortable, they added fuel to the fire excited, in order 
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to preserve the heat, and then went forth to invite others, 
by signs and gestures, to come and witness the discovery. 
In the concourse that thus took place, they testified their 
different opinions and expressions by different inflexions 
of the voice. From daily association words succeeded 
to these indefinite modes of speech ; and these becoming 
by degrees the signs of certain objects, they began to 
join them together, and conversation became general. 
Thus the discovery of fire gave rise to the first assembly 
of mankind, to their first deliberations, and to their 
union in a state of society. For association with each, 
other they were more fitted by nature than other animals, 
from their erect posture, which also gave them the ad- 
vantage of continually viewing the stars and firmament, 
no less than from their being able to grasp and lift an 
object, and turn it about with their hands and fingers. 
In the assembly, therefore, which thus brought them 
first together, they were led to the consideration of 
sheltering themselves from the seasons, some by making 
arbours with the boughs of trees, some by excavating 
caves in the mountains, and others in imitation of the 
nests and habitations of swallows, by making dwellings 
of twigs interwoven and covered with mud or clay. From 
observation of and improvement on each others' expe- 
dients for sheltering themselves, they soon began to 
provide a better species of huts. It was thus that men, 
who are by nature of an imitative and docile turn of 
mind, and proud of their own inventions, gaining daily 
experience also by what had been previously executed, 
vied with each other in their progress towards perfection 
in building. The first attempt was the mere erection of 
a few spars united together with twigs and covered with 
mud. Others built their walls of dried lumps of turf, 
connected these walls together by means of timbers laid 
across horizontally, and covered the erections with reeds 
and boughs, for the purpose of sheltering themselves 
from the inclemency of the seasons. Finding, however, 
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that flat coverings of this sort would not effectually 

shelter them in. the winter season, they made their roofs 

of two inclined planes meeting each other in a ridge at 

the summit, the whole of which they covered with clay, 

and thus carried off the rain. We are certain that huild- 

ings were thus originally constructed, from the present 

practice of imcivilized nations, whose buildings are of 

spars and thatch, as may be seen in Gaul, in Spain, in 

Portugal, and in Aquitaine. The woods of the Colchi, 

in Pontus, furnish such abundance of timber, that they 

build in the following manner. Two trees are laid level 

on the earth, right and left, at such distance from each 

other as will suit the length of the trees which are to 

cross and connect them. On the extreme ends of these 

two trees are laid two other trees transversely : the 

space which the house will inclose is thus marked out. 

The four sides being thus set out, towers are raised, 

whose waUs consist of trees laid horizontally but kept 

perpendicularly over each other, the alternate layers 

yoking the angles. The level interstices which the 

thickness of the trees alternately leave, is filled in with 

•chips and mud. On a similar principle they form their 

roofs, except that gradually reducing the length of the 

trees which traverse from angle to angle, they assume 

a pyramidal form. They are covered with boughs and 

smeared over with clay ; and thus after a rude fashion of 

vaulting, their quadrilateral roofs are formed. The 

Phrygians, who inhabit a champain country destitute of 

timber, choose natural hillocks, which they pierce and 

hollow out for their accommodation, as well as the nature 

of the soil wiU permit. These dwellings they cover 

with roofs constructed of logs bound together, covered 

with reeds and straw, and coated with a large quantity of 

earth. This species of covering protects the hut from 

the extreme heat of the summer, as well as from the 

piercing cold of the winter. The weeds which grow in 

the vicinity of pools are used in other parts for the cover- 

08 
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ing of huts. Each nation, in short, has its own way of 
building, according to the materials afforded and the 
habits of the country. At Marseilles the roofs are 
covered with straw and earth mixed up together, instead 
of tiles. At Athens, even to this day, tihe Areopagus, 
an example of remote antiquity, is covered with clay ; 
and the house of Eomulus in the capitol, by its thatched 
roof, clearly manifests the simple manners and habits of 
the ancients. It is from such specimens we are enabled 
to form just ideas of the early method of building. Daily 
practice made the original builders more skilful, and ex- 
perience increased their confidence ; those who took 
more delight in the science making it their exclusive 
profession. Thus man, who, in addition to the senses 
which other animals enjoy in common with him, is gifted 
by nature with such powers of thought and understand- 
ing, that no subject is too dij£cult for his apprehension, 
and the brute creation are subject to him from his 
superiority of intellect, proceeded by degrees to a know- 
ledge of ihe other arts and sciences, and passed from a 
savage state of life to one of civilization. From the 
courage which his gradual success naturally excited, and 
his engagement in those various speculations with which 
the arts are connected, his ideas expanded ; and from 
building huts he soon proceeded to the erection of 
houses constructed with brick walls or with stones, 
whose roofs were of timber covered with tiles. Thus 
by experience and observation the knowledge of certain 
proportions was attained, which in the beginning were 
fluctuating and uncertain ; and advantage being taken of 
the bounty of nature, in her supply of timber and other 
building materials, the rising art was so cultivated that 
by the help of other arts mere necessity was lost sight 
of ; and by attending to the comforts and luxuries of 
civilized society, it was carried to the highest degree of 
perfection. I shall now, to the best of my ability, pro- 
ceed to treat of those materials which are used in build- 
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ing, their quality, and nse. Lest any one object that the 
order of my treatise on the matters in question be not 
well arranged, and that this book should have had pre- 
cedence of the last, I think it proper to state, that in 
writing a Dissertation on Architecture I considered my- 
self bound, in the first place, to set forth those branches 
of learning and science with which it is connected, to 
explain its origin and different species, and to enumerate 
the qualifications which an architect should possess. 
Hence, having first adverted to those principles on which 
the art depends, I shall now proceed to an explanation 
of the nature and use of the different materials em- 
ployed in the practice of it. This work not being in- 
tended for a treatise on the origin of architecture ; that 
origin, and the degrees by which it passed to its present 
state of perfection, is only incidentally mentioned. This 
book is consequently in its proper place. I shall now 
therefore treat, in an intelligible manner, of the mate- 
rials which are appropriate for building, how they are 
formed by nature, and of the analysis of their com- 
ponent parts. For there is no material nor body of any 
sort whatever which is not composed of various ele- 
mentary particles ; and if their primary composition be 
not duly understood, no law of physics will explain their 
nature to our satisfaction. 



CHAPTER 11. 

OF THE ORIGIN OF ALL THINGS ACCORDING TO THE 
OPINIONS OF PHILOSOPHERS. 

Thaleb thought that water was the first principle of all 
things. Heraclitus, the Ephesian, who, on account of 
the obscurity of his writings, was called a-Korcivds by the 
Greeks, maintained a similar doctrine in respect of fire. 
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Democritus, and his follower Epicums, held siinilar opi- 
nions with regard to atoms ; by which term is understood 
such bodies as are incapable of being cut asunder, or, as 
some say, of further division. To water and fire the 
philosophy of the Pythagoreans added air and earth. 
Hence Democritus, though loosely expressing himself, 
seems to have meant the same thing, when he calls the 
elements indivisible bodies ; for when he considers them 
incapable of corruption or alteration, and of eternal dura- 
tion and infinite solidity, his hypothesis makes the par- 
ticles not yet so connected as to form a body. Since, 
therefore, all bodies consist of and spring from these 
elements, and in the great variety of bodies the quantity 
of each element entering into their composition is dif- 
ferent, I think it right to investigate the nature of their 
variety, and explain how it affects the quality of each in 
the materials used for building, so that those about to 
build may avoid mistakes, and be, moreover, enabled to 
make a proper choice of such materials as they may 
want. 



CHAPTER m. 

. OF BRICKS. 

I SHALL first treat of bricks, and the earth of which they 
ought to be made. Gravelly, pebbly, and sandy clay are 
unfit for that purpose ; for if made of either of these 
sorts of earth, they are not only too ponderous, but walls 
built of them, when exposed to the rain, moulder away, 
and are soon decomposed, and the straw, also, with 
which they are mixed, will not suiBBiciently bind the earth 
together, because of its rough quality. They should be 
made of earth of a red or white chalky, or a strong sandy 
nature. These sorts of earth are ductile and cohesive. 
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and not being heavy, bricks made of tbem are more 
easily handled in carrying up the work. The proper 
seasons for brick-making are the spring and autumn, 
because they then dry more equably. Those made in 
the summer solstice are defective, because the heat of 
the sun soon imparts to their external surfaces an ap- 
pearance of sufficient dryness, whilst the internal parts 
of them are in a very different state ; hence, when tho- 
roughly dry, they shrink and break at those parts which 
were dry in the first instance ; and thus broken, their 
strength is gone. Those are best that have been made 
at least two years ; for in a period less than that they 
will not dry thoroughly. When plastering is laid and 
sets hard on bricks which are not perfectly dry, the 
bricks, which will naturally shrink, and consequently 
occupy a less space than the plastering, will thus leave 
the latter to stand of itself. From its being extremely 
thin, and not capable of supporting itself, it soon breaks 
to pieces ; and in its failure sometimes involves even 
that of the wall. It is not, therefore, without reason 
that the inhabitants of Utica allow no bricks to be used 
in their buildings which are not at least five years old, 
and also approved by a magistrate. There are three 
sorts of bricks ; the first is that which the Greeks call 
Didoron (SiSwpov), being the sort we use ; that is, one 
foot long, and half a foot wide. The two other sorts are 
used in* Grecian buildings ; one is called Pentadoron, the 
other Tetradoron, By the word Doron the Greeks mean 
a palm, because the word Blapov signifies a gift which can 
be borne in the palm of the hand. That sort, therefore, 
which is five palms each way is called Pentadoron; 
that of four palms, Tetradoron. The former of these 
two sorts is used in public buildings, the latter in private. 
Each sort has half bricks made to suit it ; so that when 
a wall is executed, the course on one of the faces of the 
wall shows sides of whole bricks, the other face of half 
bricks ; and being worked to the line on each face, the 
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bricks on eacli bed bond alternately over the course 
below. Besides the pleasant varied appearance which 
this method gives, it affords additional strength, by the 
middle of a brick, on a rising course, falling over the 
vertical joints of the course thereunder. The bricks of 
Calentum in Spain, Marseilles in France, and Pitane in 
Asia, are, when wrought and dried, specifically lighter 
than water, and hence swim thereon. This must arise 
from the porosity of the earth whereof they are made ; 
the air contained in the pores, to which the water cannot 
penetrate, giving them a buoyant property. Earth of 
this sort being, therefore, of such a light and thin 
quality, and impervious to water, be a lump thereof of 
whatever size, it swims naturally like pumice-stone. 
Bricks of this sort are of great use for building pur- 
poses ; for they are neither heavy nor liable to be injured 
by the rain. 



CHAPTER IV. 
OF SAND. 

In buildings of rubble work it is of the first importance 
that the sand be fit for mixing with the lime, and unal- 
loyed with earth. The different sorts are these ; black, 
white, deep red, and bright red. The best of each of 
these sorts is that which, when rubbed between the 
fingers, yields a grating sound. That, also, which is 
earthy, and does not possess the roughness above named, 
is fit for the purpose, if it merely leave a stain or any 
particles of earth on a white garment, which can easily 
be brushed away. If there be no sand-pits where it can 
be dug, river sand or sifted gravel must be used. Even 
sea sand may be had recourse to, but it dries very slowly; 
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and walls wherein it is used must not be much loaded, 
imless carried up in small portions at a time. It is not, 
however, fit for those walls that are to receive vaulting. 
In plastered walls, built with sea sand, the salt which 
exudes destroys the plaster ; but plaster readily adheres 
to and dries on walls built with new pit sand, and vault- 
ing may safely spring from them. If sand have been dug 
a long time, and exposed to the sun, the moon, and the 
rain, it loses its binding quality, and becomes earthy ; 
neither when used does it bind the rubble stones together 
so as to prevent them sliding on their beds and falling 
out : nor is it fit to be used in walls where great weights 
are to be supported. Though pit sand is excellent for 
mortar, it is unfit for plastering; for being of a rich 
quality, when added to the lime and straw, its great 
strength does not suffer it to dry without cracts. The 
poorness of the river sand, when tempered with beaters, 
makes the plastering as hard as cement. 



CHAPTER V. 

OF UME. 

Having treated of the different sorts of sand, we proceed 
to an explanation of the nature of lime, which is burnt 
either from white stone or flint. That which is of a 
close and hard texture is better for building walls ; as 
that which is more porous is better for plastering. When 
slaked for making mortar, if pit sand be used, three 
parts of Band are mixed with one of lime. If river or 
sea sand be made use of, two parts of sand are given to 
one of lime, which will be found a proper proportion. If 
to river or se& sand, potsherds ground and passed 
through a sieve, in the proportion of one third part, be 
added, the mortar will be better for use. The cause of 
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the mass becoming solid when sand and water are added 
to the lime, appears to be, that stones, like other bodies, 
are a compound of elements : those which contain large 
quantities of air being soft, those which have a great pro- 
portion of water being tough, of earth, hard, of fire, 
brittle. For stones which, when burnt, would make ex- 
cellent lime, if pounded and mixed with sand, without 
burning, would neither bind the work together, nor set 
hard ; but having passed through the kiln, and having 
lost the property of their former tenacity by the action 
of intense heat, their adhesiveness being exhausted, the 
pores are left open and inactive. The moisture and air 
which were in the body of the stone, having, therefore, 
been extracted and exhausted, the heat being partially 
retained, when the substance is immersed in water before 
the heat can be dissipated, it acquires strength by the 
water rushing into all its pores, efiPervesces, and at last 
the heat is excluded. Hence, limestone, previous to its 
burning, is much heavier than it is after having passed 
through the kiln : for, though equal in bulk, it is known, 
by the abstraction of the moisture it previously con- 
tained, to lose one-third of its weight by the process. 
The pores of limestone, being thus opened, it more 
easily takes up the sand mixed with it, and adheres 
thereto ; and hence, in drying, binds the stones together, 
by which sound work is obtained. 



CHAPTER VI. 

OF POZZOLANA. 

There is a species of sand which, naturally, possesses 
extraordinary qualities. It is found about BaisB and the 
territory in the neighbourhood of Mount Vesuvius ; if 
mixed with lime and rubble, it hardens as well under 
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water as in ordinaiy buildings. This seems to arise from 
the hotness of the earth under these moimtains, and the 
abundance of springs under their bases, which are heated 
either with sulphur, bitumen, or alum, and indicate very 
intense fire. The inward fire and heat of the flame 
which escapes and bums through the chinks, makes this 
earth light ; the sand-stone (tophus), therefore, which is 
gathered in the neighbourhood, is dry and free from 
moisture. Since, then, three circumstances of a similar 
nature, arising from the intensity of the fire, combine in 
one mixture, as soon as moisture supervenes, they cohere 
and quickly harden through dampness ; so that neither 
the waves nor the force of the water can disunite them. 
That these lands are affected with heat, as surmised, is 
evident, because in the mountains of Gumse and at Baise, 
sweating places are excavated, in which the hot vapour 
rising upwards from the intensity of the fire, strikes 
through the earth, and so escapes in these places that 
they are singularly beneficial for 'the purpose. It is 
moreover said that in former times fires imder Vesuvius 
existed in abimdance, and thence evolved flames about the 
fields. Thus that which we call sponge-stone, or Pom- 
peian pumice-stone, burnt from another species of stone, 
appears to be acted on by fire so as to possess a quality 
of this sort. The species of sponge-stone, however, 
thence Qbtained, is not found except in the neighbour- 
hood of MtuB. and the hills of Mysia, which the Greeks 
call KaTaK€Kav/ji€voi, and places of such description. If, 
therefore, in these places hot springs and heated vapours 
are found in the cavities of the mountains, and the spots 
are recorded by the antients to have been subject to fires 
issuing out of the lands, it seems certain that the mois- 
ture is extracted from the sand-stone and earth in their 
neighbourhood, by the strength of the fire, as from lime- 
stone in a kiln. Dissimilar and unequal actions being 
thus concentrated towards the same end, the great want 
of moisture quickly supplied by water binds and strongly 
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of the heat common to both the bodies. It is needless 
to enquire why, as there are many hot springs in Tus- 
cany, we do not there find a powder, which, for the same 
reason, would harden under water : should I be thereon 
questioned, I wtould thus explain the circumstance. All 
lands do not possess similar qualities ; nor is stone uni- 
versally found. Some lands are earthy, others gravelly, 
others gritty, others sandy : in short, the quality of land, 
in dififerent parts of the earth, varies as much as even 
the climate itself. For instance ; on the side of the 
Apennines towards Tuscany, sand-pits are found in 
abundance ; whereas, on the other side of the Apen- 
nines, facing the Adriatic, none are discoverable : so also 
in Achaia, Asia, and universally on the other side of the 
sea, such things are not known. It does not therefore 
follow, that in all places abounding with hot springs all 
other circumstances should be similar. Nature has not 
made all things to suit the convenience of man, but dif- 
ferently and fortuitously. Hence, in places where the 
moimtains are not earthy, but of stone, the force of the 
fire escaping through the chinks bums that which is soft 
and tender, whilst that which is hard is left. Thus the 
earth of Campania, when burnt, becomes a powder ; that 
of Tuscany a coaL Both of these are of great use in 
building, one species being very serviceable in land 
works, the other in works under water. In Tuscany, 
however, the quality of the material is softer than sand- 
stone, but harder than earth ; and from its entire sub- 
jection to the action of the sub-existing fire, it becomes 
that sort of sand which is called carbunculus. 
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CHAPTER Vn. 

OF STONE QUARRIES. 

I HATE described the different species of lime and sand, 
and their qualities. Stone quarries, from which square 
and rubble stones are procured and prepared for the pur- 
poses of building, will now be considered. The qualities 
of these differ very much. Some stone is soft ; the red, 
for instance, foimd in the neighbourhood of Borne, in the 
countries of the Pallienses, Fidenates, and Albanse. Some 
moderately so, as the Tiburtine, Amitemine, Soractine, 
and those of that sort. Others are hard, even as flints. 
There are many other species, as the red and black sand- 
stone (tophus) of Campania, and the white sort of Um- 
bria, Picenum, and Venice, which is cut with a saw like 
wood. The soft species have this advantage, that when 
recently taken from the quarry they are easily worked, 
and answer well under cover ; but when used in open 
and exposed situations, and subjected to the action of the 
frost and rain, they soon become friable, and moulder 
away. They are also much affected by the salt near the 
sea-shore, and are not capable of preserving their strength 
when exposed to great heat. The Tiburtine stones, and 
those of a similar nature, resist great weights as well 
as the action of the weather, but are easily injured by 
fire. The instant they are exposed to that they are ruined, 
from their possessing so small a quantity of moisture ; 
their earthy particles, also, are few, and the quantity of 
air and fire in them considerable. Hence, from the small 
portion of earth and water which they contain, the fire 
easily acts upon them, and, occupying the interstices, 
drives out the air with accumulated violence, and com- 
municates its own hot quality to them. There are many 
quarries on the borders of the Tarquinienses, called the 
Anician quarries, in colour much resembling the Alban 
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stone. Tliej are worked in most abundance in the neigh- 
bourhood of the Volscinian Lake, and in the prefecture 
of Statonia. This stone has numberless good qualities ; 
neither frost nor fire affects it. It is hard and durable, 
from its containing but little air and fire, but a moderate 
quantity of moisture, and much earth. Close in texture, 
it is not injured by the weather nor by heat. The monu- 
ments about Ferentinum, which are built of this stone, 
prove its dui'ability ; among these maybe observed large 
statues well executed, bas-reliefs on a smaller scale, and 
acanthus leaves and flowers elegantly carved, which, 
though long since wrought, appear as fresh as though 
they were but recently finished. From the stones of the 
above quarries the metal founders make their casting 
moulds, for which they are well calculated. If this stone 
were to be had near Borne, it would be used in all works 
about the city, to which it is indeed worthy to be applied. 
But as necessity, on account of proximity to the quarries, 
obliges us to use the red sort of stone, that of the Pal- 
lienses and other species in the immediate vicinity of the 
city, in order to find that which is least defective, let it 
be selected as follows. Two years before the commence- 
ment of the building, the stones should be extracted from 
the quarries in the summer season : by no means in the 
winter ; and they should then be exposed to the vicissi- 
tudes and action of the weather. Those which, after two 
years' exposure, are injured by the weather, may be used 
in the foundations ; but those which continue sound after 
this ordeal, will endure in the parts above ground. These 
rules apply equally to squared as to rubble or unsquared 
stone work. 
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CHAPTEK VIII. 

OF THE DrFFERENT KINDS OF WALLS. 

The different species of walls are, the betioulatum 
(net-like), a method now in general use, and the inceb- 
TtJM (uncertain), which is the antient mode. The reticu- 
latum is the most beautiful, but is very liable to split, 
from the beds of the stones being unstable, and its defi- 
ciency in respect of bond. The incertum, on the contrary, 
course over course, and the whole bonded together, does 
not present so beautifal an appearance, though stronger 
than the reticulatum. Both species should be built 
of the smallest sized stones, that the walls, by suck- 
ing up, and attaching themselves to, the mortar, may 
last the longer. For as the stones are of a soft and 
porous nature, they absorb, in drying, the moisture 
of the mortar, and this, if used plentifully, will con- 
sequently exercise a greater cementing power ; because 
fr-om their contaming a larger portion of moisture, the 
wall will not, of course, dry so soon as otherwise ; and as 
soon as the moisture is absorbed by the pores of the 
stone from the mortar, the lime, losing its power, leaves 
the sand, so that the stones no longer adhere to it, and 
in a short time the work becomes unsound. We may see 
this in several monuments about the city, which have 
been built of marble or of stones squared externally ; that 
is, on the face, but filled up with rubble run with mortar. 
Time, in these, has taken up the moisture of the mortar, 
and destroyed its efficacy, by the porosity of the surface 
on which it acted. All cohesion is thus ruined, and the 
waUs fall to decay. He who is desirous that this may 
not happen to his work, should build his two face walls 
two feet thick either of red stone or brick or common 
flint, binding them together with iron cramps run with 
lead, and duly preserving the middle space or cavity. 
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The materials, in this case, not being thrown in at ran- 
dom, but the work well brought up on the beds, the 
upright joints properly arranged, and the face walls, 
moreover, regularly tied together, they are not liable to 
bulge, nor be otherwise disfigured. In these respects one 
cannot refrain from admiring the walls of the Greeks. 
They make no use of soft stone in their buildings : when, 
however, they do not employ squared stone, they use 
either flint or hard stone ; and, as though building with 
brick, they cross or break the upright joints, and thus 
produce the most durable work. There are two sorts of 
this species of work; one called isodomum, the other 
psEUDisoDOMUM. The first is so called, because in it all 
the courses are of an equal height ; the latter received 
its name from the unequal heights of the courses. Both 
these methods make soimd work : first, because the 
stones are hard and solid, and therefore unable to absorb 
the moisture of the mortar, which is thus preserved to the 
longest period; secondly, because the beds being smooth 
and level, the mortar does not escape ; and the wall 
moreover, bonded throughout its whole thickness, be- 
comes eternal. There is still another method, which is 
called I/attXcictw (empleotum), in use even among our 
country workmen. In this species the faces are wrought. 
The other stones are, without working, deposited in the 
cavity between the two faces, and bedded in mortar as 
the wall is carried up. But the workmen, for the sake 
of despatch, carry up these casing walls, and then tumble 
in the rubble between them ; so that there are thug three 
distinct thicknesses ; namely, the two sides or facings, 
and the filling in. The Greeks, however, pursue a dif- 
ferent course, laying the stones flat, and breaking the 
vertical joints ; neither do they fill in the middle at ran- 
dom, but, by means of bond stones, make the wall solid, 
and of one thickness or piece. They moreover cross the 
wall, from one face to the other, with bond stones of a 
single' piece; which they call Siarovot, (diatoni) tending 
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greatly to strengthen the work. He, therefore, who is de- 
sirous of producing a lasting stucture, is enabled, by what 
I have laid down, to choose the sort of wall that will suit 
his purpose. Those walls which are built of soft and 
smooth-looking stone, will not last long. Hence, when va- 
luations are made of external walls, we must not put them 
at their original cost ; but having found, from the regis- 
ter, the number of lettings they have gone through, we 
must deduct for every year of their age an eightieth part 
of such cost, and set down the remainder or balance as 
their value, inasmuch as they are not calculated to last 
more than eighty years. This is not the practice in the 
case of brick walls, which, whilst they stand upright, are 
always valued at their first cost. Thus, in some states, 
not only public and private buildings, but even royal 
structures, are built of brick. We may instance that 
part of the wall at Athens towards Mounts Hymettus 
and Pentelicus, the temples of Jupiter and Hercules, in 
which the cells are of brick, whilst the columns and their 
entablatures are of stone, in Italy the ancient and exqui- 
sitely wrought wall of Arezzo, and at Tralles a palace for 
the Attalic kings, which is the official residence of the 
priest. Some pictures painted on brick walls at Sparta, 
after being cut out, were packed up in wooden cases 
and transported to the Comitium to grace the iEdileship 
of Varro and Murena. In the house of Croesus, which 
the Sardians call Gerusia, established for the repose and 
comfort of the citizens in their old age, sls also in the 
house of Mausolus, a very powerful king of Halicamas- 
sus, though all the ornaments are of Proconnesian mar- 
ble, the walls are of brick, are remarkably sound at the 
present day, and the plastering with which they are 
covered is so polished that they sparkle like glass. The 
prince who caused them to be thus built was not, how- 
ever, restrained by economy ; for, as king of Caria, he 
must have been exceedingly rich. Neither could it be 
urged that it was from want of skill and taste in archi- 
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tecture, that lie did so. Bom at Mylasa, and perceiv- 
ing that Halicamassus was a situation fortified by nature, 
and a place well adapted for commerce, with a commo- 
dious harbour, he fixed his residence there. The site of 
the city bears a resemblance to a theatre, as to general 
form. In the lowest part of it, near the harbour, a forum 
was built : up the hill, about the middle of the curve, was 
a large square in the centre of which stood the mauso- 
leum, a work of such grandeur that it was accounted 
one of the seven wonders of the world. In the centre, 
on the summit of the hill, was the temple of Mars, with 
its colossal statue, which is called SucpoXijSos, sculptured 
by the eminent hand of Leocharis. Some, however, at- 
tribute this statue to Leocharis; others to Timotheus. 
On the right, at the extreme point of the curve, was the 
temple of Venus and Mercury, close to the fountain of 
Salmacis. It is a vulgar error, that those who happen to 
drink thereat are affected with love-sickness. As, how- 
ever, this error is general, it will not be amiss to correct 
the impression. It is not only impossible that the water 
should have the effect of rendering men effeminate and 
unchaste; but, on the contrary, that alluded to is clear 
as crystal, and of the finest flavour. The origin of the 
story, by which it gained the reputation of the above 
quality, is as follows. When Melas and Arevanias 
brought to the place a colony from Argos and Troezene, 
they drove out the barbarous Carians and LelegsB. 
These, betaking themselves to the mountains in bodies, 
committed great depredations, and laid waste the neigh- 
bourhood. Some time afterwards, one of the colonists, 
for the sake of the profit likely to arise from it, established 
close to the fountain, on accoimt of the excellence of its 
water, a store where he kept all sorts of merchandize ; 
and thus it became a place of great resort of the barba- 
rians who were drawn thither. Coming, at first, in small, 
and at last in large numbers, the barbarians by degrees 
shook off their savage and uncivilized habits, and changed 
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them, without coercion, for those of the Greeks. The 
fame, therefore, of this fountain, was acquired, not hy the 
effeminacy which it is reputed to impart, but by its being 
the means through which the minds of the barbarians 
were civilized. I must now, however, proceed to finish 
my description of the city. On the right summit we have 
described the temple of Venus and the above named 
fountain to have been placed : on the left stood the royal 
palace, which was planned by Mausolus himself. This 
commanded, on the right, a view of the forum and har- 
bour, and of the whole circuit of the walls : on the left, it 
overlooked a secret harbour, hidden by the mountains, 
into which no one could pry, so as to be aware of what 
was transactog therein. In short, from his palace, the 
king, without any person being aware of it, could give 
the necessary orders to his soldiers and sailors. After 
the death of Mausolus, the Ehodians, indignant at his 
wife, who succeeded to the government, governing the 
whole of Caria, fitted out a fleet, for the purpose of 
seizing the kingdom. When the news reached Arte- 
misia, she directed her fleet to lie still in the secret 
harbour ; and having concealed the sailors and mustered 
the marines, ordered the rest of the citizens to the walls. 
Whei^ the well appointed squadron of the Ehodians 
should enter the large harbour, she gave orders that 
those stationed on the walls should greet them, and 
promise to deliver up the town. The Ehodians, leaving 
their ships, penetrated into the town ; at which period 
Artemisia, by the sudden opening of a canal, brought 
her fleet round, through the open sea, into the large 
harbour; whence the Ehodian fleet, abandoned by its 
sailors and marines, was easily carried out to sea. The 
Ehodians, having now no place of shelter, were sur- 
roimded in the forum and slain. Artemisia then embark- 
ing her own sailors and marines on board of the Eho- 
dian fleet, set sail for Ehodes. The inhabitants of that 
city seeing their vessels return decorated with laurels, 
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thought their fellow citizens were returning victorious, 
and received their enemies. Artemisia having thus taken 
Bhodes, and slain the principal persons of the city, 
raised therein a trophy of her victory. It consisted of 
two brazen statues, one of which represenbed the state 
of Ehodes, the other was a statue of herself imposing a 
mcupk of infamy on the city. As it was contrary to the 
precepts of the religion of the Rhodians to remove a 
trophy, they encircled the liatter with a . building, and 
covered it after the custom of the Greeks, giving it the 
namo dparw. If therefore, kings of such great power 
did not despise brick buildings, those who, from their 
great revenue and spoils in war, can afford the expense 
not only of squsured and rough stone, but even of marble 
buildings, must not despise brick structures when well 
executed. I shall now explain why this species of walls 
is not permitted in the city of Eome> and also why such, 
walls ought not to be permitted. The public laws forbid 
a greater thickness than one foot and a half to be given 
to walls tliat abut on a public way, and the other walls, 
to prevent loss of room, are not built thicker. Now brick 
walls, unless of the thickness of two or three bricks, at 
all events of at least one foot and a half, are not fit to 
carry more than one floor, so that from the great popu- 
lation of the city innumerable housea would be required. 
SincOj therefore, the area it occupies would not in such 
case contain the number to be accommodated, it became 
absolutely necessary to gain in height that which could 
not be obtained on the plan. Thus by means of stone 
piers or walls of burnt bricks or unsquared stones, which 
were tied together by the timbers of the several floors, 
they obtained in the upper story excellent dining rooms. 
The Eoman people by thus multiplying ihe number of 
stories in their houses are commodiously lodged. Having 
explained why, on account of the narrowness of the 
streets in Home, walls of brick are not cdlowed in the 
city, I shall now give instructions for their use out of 
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tibe city when required, to the end that they may be 
dnrable. On the top of a wall immediately under the 
roof, there should be a course of burnt brieks, about one 
foot and a half in height, and projeeting over the walls 
like the corona of a cornice; thus the injury to be 
guarded against in such a wall, will be prevented ; for 
if any tiles should be accidentally broken or dislodged by 
the wind, so as to afford a passage for the rain, the burnt 
brick, a protection to it, will secure the wall itself from 
damage, and the projection will cause the dropping of 
the water to fall beyond the face of the wall and l^us 
preserve it. To judge of such burnt bricks as are fit 
for the purpose is not at first an easy matter ; the only 
way of ascertaining their goodness is to try them through 
a summer and winter, and, if they bear oat through 
these undamaged, they may be used. Those which are 
not made of good clay are soon injured by the frost and 
rain ; hence if unfit to be used in roofs they will be more 
unfit in walls. Walls built of old tiles are consequently 
very lasting. As to wattled walls, would they had never 
been invented, for though convenient and expeditiously 
made, they are conducive to great calamity from their 
acting almost like torches in case of fire. It is much 
better, therefore, in the first instance, to be at the ex* 
pense of burnt bricks, than from parsimony to be in 
perpetual risk. Walls moreover, of this sort, that are 
covered with plaster are always full of cracks, arising 
from the crossing of the laths ; for when the plastering 
is laid on wet, it swells the wood, which contracts as the 
work dries, breaking the plastering. But if expedition^ 
or want of funds, drives* us to the use of this sort of 
work, or as an expedient to bring work to a square foim^ 
let it be executed as follows. The surface of the foun* 
dation whereon it is to stand must be somewhat raised 
from the ground or pavement. Should it ever be placed 
below them it will rot, settle, and bend forward, whereby 
the face of the plastering will be injured. I have already 
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treated on walls, and generally on the mode of preparing 
and selecting the materials for them. I shall now pro- 
ceed to the use of timber in framing, and to a descrip- 
tion of its several sorts, as also of the mode of fitting 
timbers together, so that they may be as durable as their 
nature will permit. 



CHAPTER IX. 

OF TIMBER. 

TiMBEB should be felled from the beginning of the 
Autumn up to that time when the west wind begins to 
blow; never in the Spring, because at that period the 
trees are as it were pregnant, and communicate their na- 
tural strength to the yearly leaves and fruits they shoot 
forth. Being empty and swelled out, they become, by 
their great porosity, useless and feeble, just as we see 
females after conception in indifferent health till the 
period of their bringing forth. Hence slaves about to 
be sold are not warranted sound if they be pregnant; for 
the foetus which goes on increasing in size within the 
body, derives nourishment from all the food which the 
parent consumes, and as the time of delivery approaches, 
the more ailing is the party by whom it is borne : as 
soon as the foetus is brought forth, that which was before 
allotted for ihe nourishment of another being, once more 
free by the separation of the foetus, returns to reinvigo- 
rate the body by the juices flowing to the large and 
empty vessels, and to enable it to regain its former na- 
tural strength and solidity. So, in the Autumn, the fruits 
being ripened and the leaves dry, the roots draw the 
moisture from the earth, and the trees are by those means 
recovered and restored to their pristine solidity. Up to 
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the time above-mentioned the force of the wintry air com- 
presses and consolidates the timber, and if it be then 
felled the period will be seasonable. In felling, the pro- 
per way is to cut through at once to the middle of the 
trunk of the tree, and then leave it for soine time, that 
the juices may drain off; thus the useless liquor con- 
tained in the tree, running away through its external 
rings, all tendency to decay is removed, and it is pre- 
served sound. After the tree has dried and the draining 
has ceased, it may be cut down and considered quite fit 
for use. That this should be the method pursued, will 
appear from the nature of shrubs. These, at the proper 
season, when pierced at the bottom, discharge from the 
heart through the holes made in them all the redundant 
and pernicious juices, and thus drying acquire strength 
and durability. On the contrary, when those juices do 
not escape, they congeal and render the tree defective and 
good for nothing. If, therefore, this process of draining 
them whilst in their growing state does not destroy their 
vigour, so much the more if the same rules are observed 
when they are about to be felled, will they last for a longer 
period when converted into timber for buildings. The 
qualities of trees vary exceedingly, and are very dissimilar, 
as those of the oak, the elm, the poplar, the cypress, the 
fir, and others chiefly used in buildings. The oak, for 
instance, is useful where the fir would be improper ; and 
so with respect to the cypress and the elm. Nor do the 
others differ less widely, each, from the different nature 
of its elements, being differentiy suited to similar appli- 
cations in building. First, the fir, containing a consider- 
able quantity of air and fire, and very littie water and 
earth, being constituted of such light elements, is not 
heavy : hence bound together by its natural hardness it 
does not easily bend, but keeps its shape in framing* 
The objection to fir is, that it contains so much heat as 
to generate and nourish the worm which is very destruc- 
tive to it. It is moreover very inflammable, because its 
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open pores are bo quickly penetrated by fire, that it yields 
a great flame. The lower part of the fir which is close 
to the earth, receiving by its proximity to the roots, a 
large portion of moisture, is previous to felling straight 
and free from knots ; the upper part, throwing out by the 
strength of the fire it contains, a great many branches 
tlirough the knots, when cut off at the height of twenty 
feet and rough squared, is, from its hardness, called Fus- 
tema. The lower part, when cut down, is sawed into 
four quarters, and after the outer rings of the tree are 
rejected, is well adapted to joinery works, and is called 
Sapinea. The oak, however, containing am<mg its oiher 
elements a great portion of earth, and but a small quan- 
tity of water, air, euod fire, when used under ground is of 
great durability, for its pores being close and compact, 
the wet does not penetrate it ; in short its antipathy to 
water is so great that it twists and splits very much the 
work in which it is used. The holm oak (esculus), whose 
elements are in very equal proportions, is of great use in 
buildings ; it will not however stand the damp which 
quickly penetrates its pores, and its air and fire being 
driven off, it soon rots. The green oak (cerrus), the cork 
tree, and the beech soon rot, because they contain equal 
quantities of water, fire, and earth, which are by no means 
capable of balancing the great quantity of air they con- 
tain. The white and black poplar, the willow, the lime 
tree (tilia), the withy (vitex), are of great service in par- 
ticular works on account of their hardness. They con- 
tain but a small portion of earth, a moderate proportion 
of water, but abound with fire and air. Though not 
hard on account of the earth in them, they are very 
white, and excellently adapted for carving. The alder, 
which grows on the banks of rivers, and is to appearance 
an almost useless wood, possesses nevertheless most ex- 
cellent qualities, inasmuch as it contains much air and 
fire, not a great deal of earth, and less water. Its free- 
ness from water makes it almost eternal in marshy foun« 
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dfttions used for piling under buildings, because, in these 
situations, it receives that moisture whidi it does not 
possess naturally. It bears immense weight and does not 
decay. Thus we see tihat timber which above ground 
soon decays, lasts an amazing tune in a damp soil. This 
is most evident at Ravenna, a city, the foundations of 
whose buildings, botib public and private, are all built 
upon piles. The elm tree and the ash contain much 
water and but little air and fire, with a moderate |>ortion 
of earth. They are therefore pliant, and being so full of 
water, and from want of stiffness, soon bend under a 
miperincumbent weight When, however, from proper 
keeping after being felled, or from being well dried while 
Standing to dischirge their natural moisture, tiiey be* 
eome much harder, and in framings are, from their 
pliability, capable of forming sound work. The maple 
tree, wMdi contains but liMe fire and earth, and a con* 
siderable portion of air and water, is not easily broken, 
and is, moreover, easily wrought. The Greeks, there- 
fore, who made yokes for oxen (called by them fcryot) of 
€bjs timber, call the tree ivytla. The cypress and pine 
are also singular in their nature ; for though they con- 
tain equal portions of the oth^ elements, yet, from their 
large proportion of water, they are apt to bend in use ; 
they last, however, a long time, free from decay ; the 
reason whereof is, that they contain a bitter juice, ^diose 
acrid prcqperties prevent the rot, and are not less effica- 
cious in destroying the worm. Buildings, in which these 
0orts of timber are used, last an estoeedingly long 
time* The eedar and juniper trees possess the same 
qualities as the two last named ; but as the cypress and 
pine yield a resin, so the cedar tree yields an oil called 
cedrium, with whidi, whatsoever is rubbed, as books, for 
instance, will be preserved from the worm as well as the 
nut The leaves of this tree resemble those of Hie cypress, 
ttnd its fibres are very straight. The statue of the god- 
dess, as also the ceiled roof in the temple of Diana at 
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Ephesns, are made of it ; and it is nsed in many other 
celebrated temples, on account of its great durability. 
These trees grow chiefly in the island of Crete, in 
Africa, and in some parts of Syria. The larch, which is 
only known in the districts on the banks of the Po 
and the shores of the Adriatic, on account of the ex- 
treme bitterness of its juices, is not subject to' rot and 
attack of the worm, neither will it take fire or bum of 
itself, but can only be consumed with other wood, as stone 
is burnt for lime in a furnace ; nor even then does it 
emit flame nor yield charcoal, but, after a long time, gra- 
dually consumes away, from the circumstance of its con* 
taining very little fire and air. It is, on the contrary^ 
full of water and earth ; and being free from pores, by 
which the fire could penetrate, it repels its power, so that 
it is not quickly hurt thereby. Its weight is so great, 
that it will not float in water, when transported to any 
place, and is either conveyed in vessels, or floated on fir 
rafts. This property of the wood was discovered under 
the following circumstances. Julius GsBsar, being with 
his army near the Alps, ordered the towns to supply him 
with provisions. Among them was a fortress called La- 
rignum, whose inhabitants, trusting to their fortifications, 
refused to obey the mandate. Csesar ordered his forces 
to the spot immediately. In fix>nt of the gate of this 
fortress stood a tower built of this species of timber, of 
considerable height, and constructed after the manner of 
a funeral pile, with beams alternately crossing each other 
at their extremities, so that the besieged might, from its 
top, annoy the besiegers with darts and stones. It ap- 
pearing that the persons on the tower had no other arms 
than darts, which, from their weight, could not be hurled 
any great distance from the wcdls, orders were given to 
convey bundles of fire-wood and torches to the tower, 
which were quickly executed by the soldiers. As goon 
as the flames, reaching almost to the heavens, began to 
encompass the tower, every one expected to see its demo- 
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lition. But as soon as the fire was extinct, the tower 
appeared still unhurt; and Csesar, wondering at the 
cause of it, ordered it to be blockaded out of arrow's 
flight, and thus carried the town, which was delivered 
up to him by its trembling inhabitants. They were 
then asked where they obtained this sort of wood, which 
would not bum. They shewed him the trees, which are 
in great abundance in those parts. Thus, as the fortress 
was called Larignum, so the wood, whereof the tower 
was built, is called larigna (larch). It is brought down 
the Po to Bavenna, for the use of the municipalities of 
Fano, Pesaro, Ancona, and the other cities in that dis- 
trict. If there were a possibility of transporting it to 
Home, it would be very useful in the buildings there ; if 
not genercdly, at least it would be excellent for the plates 
under the eaves of tliose houses in Borne which are in- 
sulated, as ihey would be thus secured from catching 
fire, since they would neither ignite nor consume, nor 
bum into charcoal. The leaves of these trees are similar 
to those of the pine-tree ; the fibres of them straight, 
and not harder to work in joinery than the pine-tree. 
The wood contains a liquid resin, of the colour of Attic 
honey, which is a good remedy in cases of phthisis. I 
liave now treated of the different sorts of timber, and 
of their natural properties, as well as of the proportion 
of the elements in each. It only remains to enquire, 
why that species of fir, which is known in Home by the 
name of Supemas, is not so good as that which is called 
Infemas, whose durability in buildings is so great. I 
shall therefore explain how their good and bad qualities 
arise from the situations in which they grow, that they 
may be clearly understood. 
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CHAPTER X. 

OF THE FIRS CALLED SUPEBNAS AND INFERNAS, AND 

OF THE APENNINES. 

The Apennines begin from the Tyrrhene Sea, extending 
to the Alps on one side, and the borders of Tuscany on 
the other ; and their summits spreading in the shape of 
a bow, almost touch the shores of the Adriatic in the 
centre of their range, which ends near the Straits of 
Sicily. The hither side of them towards Tuscany and 
Campania, is in point of climate extremely mild, being 
continually warmed by the sun's rays. The further side, 
which lies towards the upper sea, is exposed to the north, 
and is enclosed by thick and gloomy shadow. The trees, 
therefore, which grow in that part being nourished by 
continual moisture, not only grow to a great size, but 
their fibres being too much saturated with it, swell out 
considerably. When hewn, therefore, and squared, and 
deprived of their natural vegetation, they change in 
drying the hardness of the grain, and become weak and 
apt to decay, on account of the openness of their pores. 
They are, therefore, of little durability in buildings. On 
the contrary, those which grow on the side opposite to 
the sun, not being so porous, harden in drying, because 
the sun draws the moisture from trees no less than from 
the earth. Hence, those which grow in open sunny- 
places, are more solid, on account of the closeness of 
their pores, and when squared for use, are exceedingly- 
lasting. The fir, which goes by the name of Infemas, 
brought from the warm open parts, is therefore prefer- 
able to the sort ccdled Supemas, which comes from a 
closely and thickly wooded country. To the best of my 
ability I have treated on the materials necessary for 
building, and their natural temperaments in respect of 
the different proportions of the elements which they 
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contain^ as well as on their good and bad qualities, in 
order that those who build may be well informed thereon. 
Those who follow mj directions, and choose a proper 
material for the purpose whereto it is applied, will do 
right. Haying thus considered the preparations to be 
made, we shall proceed, in the following books, to the 
consideration of buildings themselves, and first, to that 
of the temples of the immortal gods, and their sym- 
metry and proportions as the importance of the subject 
requires, which will form the subject of the following 
book. 
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INTRODUCTION. 

The Delphic Apollo, by the answer of his priestess, 
declared Socrates the wisest of men. Of him it is said 
he sagaciously observed that it had been well if men's 
breasts were open, and, as it were, with windows in 
them, so that every one might be acquainted with their 
sentiments. Would to God they had been so formed. 
We might then not only find out the virtues and vices of 
persons with facility, but, being also enabled to obtain 
ocular knowledge of the science they profess, we might 
judge of their skill with certainty ; whereby those who 
are really talented and learned would be held In proper 
esteem. But as nature has not formed us after this 
fashion, the talents of many men lie concealed within 
them, and this renders it so difficult to lay down an ac- 
curate theory of any art. However an artist may promise 
to exert his talents. If he have not either plenty of money, 
or a good connexion from his situation In life ; or if he 
be not gifted with a good address or considerable elo- 
quence, his study and application will go but little way 
to pjBrsuade persons that he is a competent artist. We 
find a corroboration of this by reference to the ancient 
Sculptors and Painters, among whom, those who ac-* 
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quired the greatest fame and applause are still living in 
the rememhrance of posterity; such, for instance, as 
Myron, Polycletus, Phidias, Lysippus, and others who 
obtained celebrity in tiieir «rt. This arose from their 
being employed by great cities, by kings, or by wealthy 
citizens. Now others, who, not less studious of their art, 
nor less endued with great genius and skill, did not eigoy 
equal fame, because employed by persons of lower rank 
and of slenderer means, and not from their unskilfrilness, 
seem to have been deserted by fortime; such were 
Hellas the Athenian, Ohion of Corinth, Myagrus the 
PhocsBan, Pharax the Ephesian, Bedas of Byzantium, 
and many more ; among the Painters, Aristomenes of 
Thasos, Polycles of Adramytdum, Nicomachus and 
others, who were wanting neither in industry, study 
of their art, nor talent. But their poverty, the way- 
wardness of fortune, or their ill success in competition 
with others, prevented their advancement. Nor can we 
wonder that from the ignorance of the public in respect 
of art many skilful artists remain in obscurity ; but it is 
scandalous that friendship and connexion should lead 
men, for their sake, to give partial and untrue opinions. 
If, as Socrates would have had it, every one's feelings, 
opinions, and information in science could be open to 
view, neither favor nor ambition would prevail, but those> 
who by study and great learning acquire the greatest 
knowledge, would be eagerly sought after. Matters are 
not however in this state as they ought to be, the ig- 
norant rather than the leumed being successful, and 
as it is never worth while to dispute with an ignorant 
man, I propose to shew in ihese precepts the excel- 
lence of the science I profess. In the first book, 
Emperor, I laid before you an explanation of the art, its 
requisites, and the learning an architect shouM possescT, 
and I added the reasons why he should possess them. 
I also divided it into different branches and defined 
them: then, because ehiefi^t and most necessary, I 
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have explained the proper method of setting out the 
walls of a city, and obtaining a healthy site for it, 
and have exhibited in diagrams, the winds, and qaax- 
ters whence they blow. I have shewn the best methods 
of laying out the streets and lanes, and thus com- 
pleted the first book. In the second book I have ana- 
IjTsed the nature and qualities of the materials used in 
building, and adverted to the purposes to which they 
are best adapted. In this third book I shall speak of 
the sacred temples of the immortal gods, and explain 
them particularly. 



CHAPTER I. 

OF THE DESIGN AND SYMMETRY OF TEMPLES. 

The design of Temples depends on symmetry, the rules 
of which Architects should be most careful to observe. 
Symmetry is dependent on proportion, which the Greeks 
call Sa/aXcyyia: Proportion is a due adjustment of the 
size of the different parts to each other and to the 
whole ; on this proper adjustment symmetry depends. 
Hence no building can be said to be well designed which 
wants symmetry and proportion. In truth they are as 
necessary to the beauty of a building as to that of a well 
formed human figure, which nature has so fashioued, 
that in the fece, from the chin to the top of tiie forehead, 
or to the roots of the hair, is a tenth part of the height 
of the whole body. From the chin to the crown of the 
head is an eighth part of the whole height, and from the 
nape of the neck to the crown of the head the same. 
From the upper part of the breast to the roots of the 
hair a sixth; to the crown of the head a fourth. A 
iMrd part of the height of the face is equal to that frt>m 
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the chin to the under side of the nostrils, and thence to 
the middle of the eyehrows the same ; £rom the last to 
the- roots of the hair, where the forehead ends, the re- 
maining third part. The length of the foot is a sixth 
part of the height of the hody. The fore-arm a fourth 
part. The width of the hreast a fourth part. Simi- 
larly have the other memhers their due proportions, by 
attention to which the ancient Painters and Sculptors 
obtained so much reputation. Just so the parts of Tem- 
ples should correspond with each other, and with the 
whole. The navel is naturally placed in the centre of 
the human body, and, if in a man l3ring with his face 
upward, and his hands and feet extended, from his 
navel as the centre, a circle be described, it will touch 
his fingers and toes. It is not alone by a circle, that the 
human body is thus circumscribed, as may be seen by 
placing it within a square. For measuring from the 
feet to the crown of the head, and then across the arms 
fully extended, we find the latter measure equal to the 
former ; so that lines at right angles to each other, en- 
closing the figure, will form a square. K Nature, there- 
fore, has made the human body so that the different 
members of it are measures of the whole, so the ancients 
have, with great propriety, determined that in all perfect 
works, each part should be some aliquot part of the 
whole ; and since they direct, that this be observed in 
all works, it miist be most strictly attended to in temples 
of the gods, wherein the faults as well as the beauties 
remain to the end of time. It is worthy of remark, that 
the measures necessarily used in all buildings and other 
works, are derived from the members of the human 
body, as the digit, the palm, the foot, the cubit, and that 
these form a perfect number, called by the Greek re\cto9. 
The ancients considered ten a perfect number, because 
the fingers are ten in number, and the palm is derived 
from them, and from the palm is derived the foot. Plato, 
therefore, called ten a perfect number. For nature 
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having formed the hands with ten fingers, a nmnher 
composed of units called /iova^cs in Greek, that number 
advaacing beyond ten, as to eleven, twelve, &c, is not 
perfect until another ten are completed, units being the 
parts whereof such numbers are composed. The mathe- 
maticians, on the other hand, contend for the perfection 
of the number six, because, according to their reasoning, 
its divisors equal its number : for a sixth part is one, a 
third two, a half three, two-thirds four, which they call 
SifjLoipoq ;. the fifth in order, which they call vtyrd/jMipo^, 
five, and then the perfect number six. When it advances 
beyond that, a sixth being added, which is called ^^icro9, 
we have the number seven. Eight are formed by adding 
a third, called triens, and by the Greeks, eirtrptros. Nine 
are formed by the addition of a half, and thence called 
sesquialteral ; by the Greeks, ^fiioXios ; if we add the 
two aliquot parts of it, which foim ten, it is called bes 
alterus, or in Greek cn-iSc/Aoipos. The number eleven, 
being compoimded of the original number, and the fifth 
in order is called Imirmrrdiioipoi, The number twelve, 
being the sum of the two simple numbers, is called 
^irAoo-tciiy. Moreover, as the foot is the sixth part of a man's 
height, they contend, that this number, namely six, the 
number of feet in height, is perfect : the cubit, also, being 
six palms, consequently consists of twenty-four digits. 
Hence the states of Greece appear to have divided the 
drachma, like the cubit, that is into six parts, which were 
small equal sized pieces of brass, similar to the asses, which 
they called oboli; and, in imitation of the twenty-four 
digits, they divided the obolus into four parts, which some 
call dichalca, others trichalca. Our ancestors, however, 
were better pleased with the number ten, and hence made 
the denarius to consist of ten brass asses, and the money 
to this day retains the name of denarius. The sester- 
tius, a fourth part of a denarius, was so called, because 
composed of two asses, and the half of another. Thus 
finding the numbers six and ten perfect, they added them 
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together, and formed sixteen, a still more perfect num- 
ber. The foot measure gave rise to this, for subtracting 
two palms from the cubit, fottr remain, which ts the 
length of a foot ; and as each palm contains four digits, 
the foot will consequently contain sixteen, so the dentr 
rius was made to contain an equal number of asses. If it 
therefore appear, that numbers had their origin from the 
homain body, and proportion is the result of a due ad- 
justment of the different parts to eadi other, and to the 
whole, they are especialily to be eonmiended, who, in 
designing temples to the gods, so arrange the parts that 
the whole may harmonize in their, proportions and 
symmetry. The conditions of tempies are distinguished 
by their di^rent forms. First, <hat known by the appella- 
tion IN ANTis, which the Oreeks call voos iv irapaarda-i; then 
the PBOSTnos, :peiu[ptebos, psbudodiftebos, biptebos, 
HTP^THBOs. Their diifference is as follows. A temple 
is called in antis, when it has antse or pilasters in front 
of the walls which enclose the cell, with two ooltimns 
between the antse, and crowned with a pediment, propor- 
tioned as we shall hereafter direct There is an example 
of this species of temple, in that of the Ihree dedicated 
to Fortune, near the Porta Oollina. The fbosttlos 
temple is similar, except that it has columns instead of 
ant89 in front, which are placed opposite to antes at the 
angles of the cell, and support the entablature, which 
returns on each side as in those in antis. An example 
of the prostyles exists in the temple of Jupiter and 
FaunuB, in the island of the Tyb^. The amphipbos- 
TTiiOS is similar to the prostyles, but with this addition^ 
that the columns and pedhnent in the front are re- 
peated in the rear of the temple. The pebiptebos has 
six columns in the front and rear, and eleven on the 
flanks, counting in the two columns at the angles, and 
these eleven are so placed that their distance from the 
wall is equal to an intercolumniation, or space between 
the columns all round, and thus is formed a walk around 
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the cell of the temple, such as may be seen in the por- 
tico of the theatre of Metellus, in that of Jupiter Stator, 
by Hermodus, and in the temple of Honour and Virtue 
without a FOSTiouH designed by Mutius, near the trophy 
of Marius. The pseudodiptebos is constructed with eight 
columns in front and rear, and with fifteen on the sides, 
including those at the angles. The walls of the cell are 
opposite to the four middle colunms of the front and of 
the rear. Hence from the walls to the front of the lower 
part of the columns, there will be an interval equal to 
two intercolumniations and the thickness of a column all 
round. No example of such a temple is to be found in 
Home, but of this sort was the temple of Diana, in Mag- 
nesia, built by Hermogenes of Alabanda, and that of 
Apollo, by Menesthes. The dipteros is octastylos like 
the former, and with a pronaos and posticum, but all 
round the cell are two reaoiks of columns. Such are the 
Doric temple of Quirinus, and the temple of Diana at 
Ephesus, built by Gtesiphon. The htpjsthbos is deca- 
slylos, in the pronaos and posticum. ^ In other respects 
it is similar to the dipteros, except that in Ihb inside it 
has two stories of columns all round, at some distance 
from the walls, after the manner of the peristylia of 
porticos. The middle of the interior part of the temple 
is open to the sky, and it is entered by two doors, one in 
front and the other in the rear. Of ^is sort there is no 
example at Bome, there is, however, an octastyie specimen 
of it at Athens, the temple of Jupiter Olympius. 



68 



CHAPTEE 11. 

OF THE FIVE SPECIES OF TEMPLES, 

Thebb are five species of temples, whose names are, fto- 
N08TYL0S, that is, thick set with colamns : ststtlos, in 
which the columns are not so close : diasttlos, where 
they are still wider apart: ARiBosTTLOs, when placed 
more distant from each other than in fact they ought to 
be.'EusTTLOs, when the intercolumniation, or space be- 
tween the coliunns, is of the best proportion. Pyonostt- 
Los, is that arrangement wherein the columns are only 
once and a half their thickness apart, as in the temple 
of the god Julius, in that of Venus in the forum of 
Gfiesar, and in other similar buildings. Ststtlos, is the 
distribution of columns with an intercolumniation of two 
diameters : the distance between their plinths is then 
equal to their j&ont faces. Examples of it are to be seen 
in the temple of Fortuna Equestris, near the stone the- 
atre, and in other places. This, no less than the former 
arrangement, is faulty ; because matrons, ascending the 
steps to supplicate the deity, cannot pass the intercolum- 
niations arm in arm, but are obliged to enter after each 
other ; the doors are also hidden, by the closeness of the 
columns, and the statues are too much in shadow. The 
passages moreover round the temple are inconvenient for 
walking. Diasttlos has intercolumniations of three 
diameters, as in the temple of Apollo and Diana. The 
inconvenience of this species is, that the epistylia or 
architraves over the columns frequently fail, from their 
bearings bein^ too long. In the abj&osttlos the archi- 
traves are of wood, and not of stone or marble ; the dif- 
ferent species of temples of this sort are clumsy, heavy 
roofed, low and wide, and their pediments are usually or- 
namented with statues of clay or brass, gilt in the Tuscan 
fashion. Of this species is the temple of Ceres, near 
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the Girciis Maximus, that of Hercules, erected by Pom- 
pey, and that of Jupiter Capitolinus. We now proceed 
to the EUSTTLOs, which is preferable, as well in respect of 
convenience, as of beauty and strength. Its intercolum- 
niations are of two diameters and a quarter. The centre 
intercolumniation, in front and in the posticimi, is three 
diameters. It has not only a beautiful effect, but is con- 
venient, from the unobstructed passage it affords to the 
door of the temple, and the great room allowed for walking 
round the cell. The rule for designing it is as follows. 
The extent of the front being given, it is, if tetrastylos, 
to be divided into eleven parts and a half, not including 
the projections of the base and plinth at each end : if 
hexastylos, into eighteen parts: if octastylos, into twenty- 
four parts and a half. One of either of these parts, ac- 
cording to the case, whether tetrastylos, hexastylos, or 
octastylos, will be a measure equal to the diameter of 
one of the columns. Each intercolumniation, except the 
middle one, front and rear, will be equal to two of these 
measures and one quarter, and the middle intercolum- 
niation three. The heights of the columns will be eight 
parts and a half. Thus the intercolumniations and the 
heights of the columns will have proper proportions. 
There is no example of eustylos in Home ; but there is 
one at Teos in Asia, which is octastylos, and dedicated 
to Bacchus. Its proportions were discovered by Hermo- 
genes, who was also the inventor of the octastylos or 
pseudodipteral formation. It was he who first omitted 
the inner ranges of columns in the dipteros, which, being 
in number thirty-eight, afforded the opportunity of avoid- 
ing considerable expense. By it a great space was ob- 
tained for walking all round Uie Cell, and the effect of the 
temple was not injured because the omission of the 
columns was not perceptible ; neither was the grandeur of 
the work destroyed. The pteromata, or wings, and the 
disposition of columns about a temple, were contrived for 
the purpose of increasing the effect, by the varied ap- 
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pearance of the returning eolunms, as seen through the 
front intercolunmiations, and also for providing plenty of 
room for the numbers frequently detained by rain, so 
that they might walk about, under shelter, round the celL 
I have been thus particular on the pseudodipteros, be- 
cause it displays the skill and ingenuity with which Her- 
mogenes designed those his works ; which cannot but be 
acknowledged as the sources whence his successors have 
derived their best principles. In arsBostyle temples the 
diameter of the columns must be an eighth part of their 
height. In diastylos, the height of the columns is to be 
divided into eight parts and a half; one of which is to be 
taken for the diameter of the column. In systylos, let 
the height be divided into nine parts and a half ; one of 
those parts will be the diameter of a column. In pycno- 
stylos, one-tenth part of th eheight is the diameter of the 
columns. In the eustylos, as well as in the diastylos, 
the height of the columns is divided into eight parts and 
a half; one of which is to be taken for the thickness of 
the column. These, then, are the rules for the several 
intercolunmiations. For, as the distances between the 
columns increase, so must the shafts of the columns in- 
crease in thickness. If, for instance, in the arseostylos, 
they were a ninth or a tenth part of the height, they would 
appear too delicate and slender ; because the air interposed 
between the columns destroys and apparently diminishes, 
their thickness. On the other hand, if, in the pycnostylos, 
their thickness or diameter were an eighth part of the 
height, the effect would be heavy and unpleasant, on ac- 
count of the frequent repetition of the columns, and the 
smallness of the intercolunmiations. The arrangement 
is therefore indicated by the species adopted. Columns 
at the angles, on account of the unobstructed play of air 
round them, should be one-fiftieth part of a diameter 
thicker than the rest, that they may have amore graceful 
effect. The deception which the eye undergoes should 
be aUowed for in execution. The diminution of columns 
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taken at iihe hypotrachelium, is to be so ordered, that for 
columns of fifteen feet and under, it should be one-sixth 
*of the lower diameter. From fifteen to twenty feet in 
height, the lower diameter is to be divided into six parts 
and a half; and five parts and a half are to be assigned 
for the upper thickness of the column. When columns 
are from' twenty to thirty feet high, the lower diameter 
of the shaft must be divided into seven parts, six of which 
are given to the upper diameter. From thirty to forty feet 
high, the lower diameter is divided into seven parts and 
a hali^ aad six and a half given to the top. From forty 
to fifty feet,, the lower diameter of the shaft is to be di- 
vided into eight parts, seven of which must be given to 
the thickness under the hypotrachelium. If the propor- 
tion fbr greater heights be required, the thickness at 
top must be found after the preceding method ; always 
remembering, that as the upper parts of columns are more 
distant from the eye, they deceive it when viewed from 
below, and that we must, therefore, actually add what 
they apparently lose. The eye is constantly seeking 
after beauty ; and if we do not endeavour to gratify it by 
proper proportions and an increase of size, where neces- 
sary, and thus remedy the defect of vision, a work will 
always be clumsy and disagreeable. Of the swelling 
which is made in the middle of columns, which the 
Greeks caU inxuri^,, so that it may be pleasing and ap^ 
propriate, I shall speak at the end of the book. 
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CHAPTER m. * 

OF FOUNDATIONS; AND OF COLUMNS AND THEIR 

ORNAMENTS. 

If solid ground can be come to, the foundations should 
go down to it and into it, according to the magnitude 
of the work, and the substruction should be built up as 
solid as possible. Above the ground of the foundation, 
the wall should be one-half thicker than the columns it is 
to receive, so that the lower parts which carry the greatest 
weight, may be stronger than the upper part, which is 
called the stereobata : nor must the mouldings of the 
bases of the columns project beyond the solid. Thus, 
also, should be regulated the thickness of all walls above 
ground. The intervals between the foundations brought 
up under the columns, should be either rammed down 
hard, or arched, so as to prevent the foundation piers from 
swerving. If solid ground cannot be come to, and the 
ground be loose or marshy, the place must be excavated, 
cleared, and either alder, olive, or oak piles, previously 
charred, must be driven with a machine, as close to each 
other as possible, and the intervals, between the piles, 
filled with charcoal. The heaviest foundations may be laid 
on such a base. When they are brought up level, the 
stylobatfiB (plinths) are placed thereon, according to the ar- 
rangement used, and above described for the pycnostylos, 
systylos, diastylos or eustylos, as the case may be. In the 
arseostylos it is only necessary to preserve, in a peripteral 
building, twice the number of intercolumniations on the 
flanks iJiat there are in front, so that the length may be 
twice the breadth. Those who use twice the number of 
columns for the length, appear to err, because they thus 
make one intercolumniation more than should be used. 
The number of steps in front should always be odd, since, 
in that case, the right foot, which begins the ascent, will 
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be that which first alights on the landing of the temple. 
The thickness of the steps should not, I think, be more 
than ten inches, nor less than nine, which will give an 
easy ascent The treads not less than one foot and a half, 
nor more than two feet ; and if the steps are to go all 
round the temple, they are to be formed in the same 
manner. But if there is to be a podium on three sides 
of the temple, the plinths, bases of the columns, columns, 
coronsB, and cymatium, may accord with the stylobata, 
under the bases of the columns. The stylobata should 
be so adjusted, that, by means of small steps or stools, it 
may be highest in the middle. For if it be set out level, 
it will have the appearance of having sunk in the centre. 
The mode of adjusting the steps (scamilli impares), in a 
proper manner, will be shewn at the end of the book. 
The scamilli being prepared and set, the bases of the 
columns may be laid, their height being equal to the 
semidiameter of the column including the plinth, and 
their projection, which the Greeks call ^/c^opa, one 
quarter of the diameter of the column. Thus the height 
and breadth, added together, will amount to one diameter 
and a half. If the attic base be used, it must be so sub- 
divided that the upper part be one-third of the thickness 
of the column, and that the remainder be assigned for 
the height of the plinth. Excluding the plinth, divide 
the height into four parts, one of which is to be given to 
the upper torus ; then divide the remaining three parts 
into two equal parts, one will be the height of the lower 
torus, and the other the height of the scotia, with its 
fillets, which the Greeks call rpoxt^^ (trochilus). If 
Ionic, they are to be set out so that the base may each 
way be equal to the thickness and three-eighths of the 
column. Its height and that of the plinth the same as 
the attic base. The plinth is the same height as in that 
of the attic base, the remainder, which was equal to one- 
third part of the column's diameter, must be divided into 
seven parts, three of which are given to the upper torus ; 
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the remaining fonr parts are to be equally divided into 
two, one of which is given to the upper cavetto, with 
its astragals and listel, the other to the lower cavetto, 
which will have the appearance of being larger, from its 
being next to the plinth. The astragals must be an 
eighth part of the scotia, and the whole base on each side 
is to project three-sixteenths of a diameter. The bases 
being thus completed, we are to raise the columns on 
them. Those of the pronaos and postioum are to be set 
up with their axes perpendicular, the angular ones ex- 
cepted, which, as well as those on the flanks, right and 
left, are to be so placed that their inner lines of shaft to- 
wards the cell be perpendicular. The exterior lines will 
diminish upwards, as above-mentioned. Thus the diminu- 
tion will give a pleasing effect to the temple. The shafts 
of the colunms being fixed, the proportions of the capitals 
are thus adjusted : if pillowed, as in the Ionic, they must 
be so formed that the length and breadth of the abacus be 
equal to the diameter of the lower part of the column and 
one-eighteenth more, and the height of the whole, includ- 
ing the volutes, half a diameter. The face of the volutes 
is to recede within the extreme projection of the abacus 
one thirty-ninth part of the width of the abacus. Having 
set out these points on the listel of the abacus at the 
four angles, let faU vertical lines. These are called ca- 
theti. The whole height of the capital is now to be 
divided into nine parts and a half, whereof one part and 
a half is the height of the abacus, and the remaining 
eight are for the eye of the volute. Within the line dropt 
from the angle of the abacus, at the distance of one and a 
half of the parts last found, let fall another vertical line, 
and so divide it that four parts and a half being left under 
the abacus, the point which divides them from the re- 
maining three and a half, may be the centre of the eye of 
the volute ; from which, with a radius equal to one half 
of one of the parts, if a circle be described, it will be the 
size of the eye of the volute. Through its centre let an 
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horizontal line be drawn, and beginning from, the upper 
part of the vertical diameter of Ihe eye as a centre, let a 
quadrant be described whose upper part shall touch the 
under side of the abacus ; then changing the centre, with 
a radius less than the last by half the width of the diame- 
ter of the eye, proceed with other quadrants, so that the 
last will fall into the eye itself, which occurs in the 
vertical line, at a point perpendicularly under that of 
setting out. The heights of the parts of the capital are 
to be so regulated that three of the nine parts and a half, 
into which it was divided, lie below the level of the 
astragal on the top of the shaft. The remaining parts 
are for the cymatium, abacus, and channel. The pro- 
jection of the C3rmatium beyond the abacus is not to be 
greater than the size of the diameter of the eye. The 
bands of the pillows project beyond the abacus, accord- 
ing to the following rule. Place one point of the com- 
passes in the centre of the eye, and let the other extend 
to the top of the cymatium, then describing a semicircle, 
its extreme part will equal the projection of the band of 
the pillow. The centres, from which the volute is de- 
scribed, should not be more distant from each other than 
the thickness of the eye, nor the channels sunk more 
than a twelfth part of their width. The foregoing are 
the proportions for the capitals of columns which do not 
exceed fifteen feet in height : when they exceed that, 
they must be otherwise proportioned, though upon simi- 
lar principles, always observing that the square of the 
abacus is to be a ninth part more than the diameter of 
the column, so that, inasmuch as its diminution is less as 
its height is greater, the capital which crowns it may 
also be augmented in height and projection. The method 
of describing volutes, in order that they may be properly 
turned and proportioned, will be given at the end of the 
book. The capitals being completed, and set on the tops 
of the shafts, not level throughout the range of columns, 
but so arranged with a gauge as to follow the inclination 
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which the small steps on the stjlobata produce, which 
must be added to them on the central part of the top of 
the abacus, that the regularity of the epistylia may be 
preserved : we may now consider the proportion of these 
epistylia, or architraves. When the columns are at least 
twelve and not more than fifteen feet high, the architrave 
must be half a diameter in height. When they are from 
fifteen to twenty feet in height, the height of the column 
is to be divided into thirteen parts, and one of them 
taken for the height of the architrave. -So from twenty 
to twenty-five feet, let the height be divided into twelve 
parts and a half, and one part be taken for the height of 
the architrave. Thus, in proportion to the height of the 
column, is the architrave to be proportioned; always 
remembering, that the higher the eye has to reach, the 
greater is the difficulty it has in piercing th^ density of 
the air, its power being diminished as *the height in- 
creases ; of which the result is, a confusion of the image. 
Hence, to preserve a sensible proportion of parts, if in 
high situations, or of colossal dimensions, we must 
modify them accordingly, so that they may appear of the 
size intended. The under side of the architrave is to 
be as wide as the upper diameter of the column, at the 
part under the capital ; its upper part equal in width to 
the lower diameter of the column. Its cymatium is to 
be one-seventh part of the whole height, and its projec- 
tion the same. After the cymatium is taken out, the 
remainder is to be divided into twelve parts, three of 
which are to be given to the lower fascia, four to the 
next, and five to the upper one. The zophorus, or 
frieze, is placed over the epistylium, than which it must 
be one fourth less in height ; but if sculptured, it must 
be one fourth part higher, that the effect of the carving 
may not be injured. Its cymatium is to be a seventh 
part of its height, the projection equal to the height. 
Above the frieze is placed the dentil-band, whose height 
must be equal to that of the middle fascia of the archi- 



77 

traye» its projection eqiial to its height. The catting 
thereof, which the Greeks call furaxyi (metoche), is to he 
so executed that the width of each dentil may he half its 
height, and the space hetween them two-thirds of the 
width of a dentil. The cymatinin is to he one-sixth part 
of its height. The corona, with its cymatinm, hat with- 
oat the cjma, is to he the same height as the middle 
&scia of the architrave. The projection of the corona 
and dentils, together is to he equal to the height firom 
the frieze to the top of the cymatium of the corona. It 
may, indeed, he generally ohserved, that projections aro 
more heautiful when they are equal to the height of the 
memher. The height of the tympanum, which crowns 
the whole work, is to he equal to one<ninth part of the 
extent of the corona, measured from one extremity of its 
cymatium to the other, and set up in the centre. Its 
face is to stand perpendicularly over the architrave and 
the hypotrachelia of the colunms. The coronae over the 
tympanum are to he equal to that helow, without the 
cymsB. Ahove the coronse are set the cymse, which the 
Greeks call eirtri^tScs, whose height must be one-eighth 
more than that of the corona. The height of the aero- 
teria is to be equal to that of the middle of the tympanum ; 
the central ones one-eighth part higher than those at the 
angles. All members over the capitals of colunms, such 
as architraves, friezes, coronse, tympana, crowning mem- 
bers (fastigia), and acroteria, should not be vertical, but 
inclined forwards, each a twelfth part of its height ; and 
for this reason, that when two lines are produced from 
the eye, one to the upper part of a member, and the 
other to its lower part, the upper line or visual ray will 
be longer than the lower one, and if really vertical, the 
member will appear to lean backwards ; but if the mem- 
bers are set out as above directed, they will have the 
appearance of being perpendicular. The number of 
flutes in a column is twenty-four. They are to be hol- 
lowed, so that a square kept passing round their surface. 
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and at the same time kept close against the arrises of 
the fillets, will touch some point in their circumference 
and the arrises themselves throughout its motion. The 
additional thickness of the flutes and Allots in the middle 
of the column, arising from the entasis or swelling, will 
be proportional to the swelling. On the cymee of the 
coronae to the sides of temples, lions' heads shoidd be 
carved ; and thej are to be so disposed that one may 
come over each column, and the others at equal distances 
from each other, and answering to the middle of each 
tile. Those which are placed over the columns are to be 
bored through, so as to carry off the rain-water collected 
in the gutter. But the intermediate ones must be solid, 
80 that the water from the tiles, which is collected in the 
gutter, may not be carried off in the intercolunmiations, 
and fall on those passing. Those over the columns will 
appear to vomit forth streams of water from their mouths. 
In this book I have done my utmost to describe the 
proportions of Ionic temples : in that following I shall 
explain the proportions of Doric and Corinthian temples. 
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INTRODUCTION. 

, Emperor, tliat many persons have left as 
in Architecture, and volumes of commentarieB 
not systematically arranged, but mere general 
IpleB, little more indeed tlian scattered liints, I con- 
i it a worthy and useM task, first, to give a general 
^ the whole subject, and then to dilate in each 
k on the detiiil. Thus, Gsesar, I treated in the first 
on the duties of an architect, and the Bciencee in 
h he should be skilled. In the second, I taught the 
iwledge of the different materials used in building. 
p third contained instmctions on the arrangement of 
i buildings, t.iieir different forms and species, and 
the diBtributions appropriate to each sort ; confining 
diyeelf, however, U> the use of the Ionic order, which, of 
Ibo throe, from ihe great delicacy of its proportions, 
reqniros the most sittention in its use. I shall now, in 
tJ»iB book, point out the difference and properties of the 
^oric and Coruithian Orders. 
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CHAPTER I. 

OF THE ORIGIN OF THE THREE SORTS OF COLUMNS,. 
AND OF THE CORINTHIAN CAPITAL. 

The Corinthian Column is, except in its capital , of the 
same proportion as the Ionic : but the additional height 
of its capital makes it taller and more graceful; the 
Ionic capital being but one third of the diameter of the 
shaft in height, whilst that of the Corinthian is equal to 
the thickness of the shaft. Thus, the two-thirds of the 
thickness of the shaft, which are added to its height, give 
it, in that respect, a more pleasing effect. The other 
members which are placed on the Columns, are borrowed 
either from the Doric or Ionic proportions : inasmuch 
as the Corinthian itself has no regular settled rules for 
its cornice, and other ornaments, but is regulated by 
analogy, either from the mutuli in the cornice, or the 
guttfiB in the architrave, or epistylium in the Doric order ; 
or it is set out according to the laws of the Ionic, with a 
sculptured frieze, dentils and a cornice. Thus, from the 
two orders, by the interposition of a capital, a third order 
arises. The three sorts of columns, different in form, have 
received the appellations of Doric, Ionic, and Corinthian, 
of which the first is of the greatest antiquity. For Dorus, 
the son of Hellen, and the Nymph Orse'is, reigned over 
the whole of Achaia and Peloponnesus, and built at 
Argos, an ancient city, on a spot sacred to Juno, a tem- 
ple, which happened to be of this order. After this, 
many temples similar to it, sprung up in the other parts 
of Achaia, though the proportions which should be pre- 
served in it, were not as yet settled. But afterwards when 
the Athenians, by the advice of the Delphic oracle in a 
general assembly of the different states of Greece, sent 
over into Asia thirteen colonies at once, and appointed a 
governor or leader to each, reserving the chief command 
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for Ion, the son of Xuthus and Greiisa, whom the Delphic 
Apollo had acknowledged as son ; that person led them 
over into Asia, and occupied the borders of Garia, and 
there built the great cities of Ephesus, Miletus, Myus 
(which was long since destroyed by inundation, and its 
sacred rites and suffrages transferred by the lonians to the 
inhabitants of Miletus), Priene, Samos, Teos, Golophon, 
Ghios, Erythrse, Phocaea, Glazomense, Lebedos, and Melite. 
The last, as a punishment for the arrogance of its citizens, 
was detached from the other states in a war levied pur- 
suant to the directions of a general council ; and in its 
place, as a mark of favour towards king Attains, and Ar- 
sinoe, the city of Smyrna was admitted into the number 
of Ionian states, which received the appellation of Ionian 
from their leader Ion, after the Garians and Lelegse had 
been driven out. In this country allotting different spots 
for sacred purposes, they began to erect temples, the first 
of which was dedicated to Apollo Panionios, and resem- 
bled that which they had seen in Achaia, and they gave it 
the name of Doric, because they had first seen that 
species in the cities of Doria. As they wished to erect 
this temple with columns, and had not a knowledge of 
the proper proportions of them, nor knew the way in 
which they ought to be constructed, so as at the same 
time to be both fit to carry the superincumbent weight, 
and to produce a beautiful effect, they measured a man's 
foot, and finding its length the sixth part of his height, 
they gave the column a similar proportion, that is, they 
made its height including the capital, six times the 
thickness of the shaft, measured at the base. Thus the 
Doric order obtained its proportion, its strength, and its 
beauty, from the human figure. Under similar notions 
they afterwards built the temple of Diana. But in that, 
seeking a new proportion, they used the female figure as 
the standard : and for the purpose of producing a more 
lofty effect, they first made it eight times its thickness in 
height. Under it they placed a base, after the manner 
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of a shoe to the foot ; they also added volutes to its 
capital, like graceful curling hair hanging on each side, 
and the front they ornamented with cymatia and festoons 
in the place of hair. On the shafts they sunk channels, 
which hear a resemhlance to the folds of a matronal 
garment. Thus two orders were invented, one of a 
masculine character, without ornament, the other hear- 
ing a character which resemhled the delicacy, ornament, 
and proportion of a female. The successors of these 
people, improving in taste, and preferring a more slender 
proportion, assigned seven diameters to the height of 
the Doric column, and eight and a half to the Ionic. 
That species, of which the lonians were the inventors, 
has received the appellation of Ionic. The third species, 
which is called Corinthian, resemhles in its character, 
the graceful elegant appearance of a virgin, in whom, 
from her tender age, the limhs are of a more delicate 
form, and whose ornaments should he unohtrusive. The 
invention of the capital of this order is said to he 
founded on the following occurrence. A Corinthian virgin, 
of marriageable age, fell a victim to a violent disorder. 
After her interment, her nurse, collecting in a basket 
those articles to which she had shewn a partiality when 
alive, carried them to her tomb, and placed a tile on the 
basket for the longer preservation of its contents. The 
basket was accidentally placed on the root of an acanthus 
plant, which, pressed by the weight, shot forth, towards 
spring, its stems and large foliage, and in the course 
of its growth reached the angles of the tile, and thus 
formed volutes at the extremities, Callunachus, who, 
for his great ingenuity and taste was called by the 
Athenians Catateehnos, happening at this time to pass 
by the tomb, observed the basket, and the delicacy of the 
foliage which surrounded it. Pleased with the form and 
novelty of the combination, he constructed from the hint 
thus afforded, columns of this species in the country 
about Corinth, and arranged its proportions, determining 



83 

their proper measures by perfect mles. The method of 
setting out the capital is as follows. Its height, includ- 
ing the abacus, is to be equal to the diameter of the 
lower part of the column. The width of the abacus is 
obtained by making its diagonal from opposite angles, 
equal to twice its height. It will thus have a proper 
front on each face. The faces of the four sides of the 
abacus are to be curved inwards from its extreme angles, 
equal to one ninth of its extent. The thickness oi the 
lower part of the capital must be equal to the diameter of 
the top of the shaft, exclusiye of the apothesis and astra- 
gal. The height of the abacus is a seventh of the height 
of the whole capital ; the remainder is to be divided into 
three parts, one of which is to be given to the lower leaf, 
the middle leaf will occupy the space of the next third 
part, the stalks or caulicoli will be the same height as the 
last named, out of which the leaves spring for the recep- 
tion of the abacus. Large volutes are generated from 
these, which branch out towards the angles. The smaller 
volutes spread out towards the flowers, which are intro- 
duced in the centre of each abacus. Flowers whose 
diameters are equal to the height of the abacus, are to be 
placed in the central part of each of its faces. By at- 
tention to these rules the Corinthian capital will be pro- 
perly proportioned. Other sorts of capitals are however 
placed on these columns, which, differing in proportion, 
and standing on a different sort of shaft, cannot be re- 
ferred to any other class ; but their origin, though the 
detail be changed, is traced to, and deduced from the 
Corinthian, the Ionic, and the Doric, their only differ- 
ences arising from a variation of the arrangement of the 
sculpture on them. 
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CHAPTER II. 

OF THE ORNAMENTS OF COLUMNS. 

The origin and invention of the different species of co- 
lumns having been discussed, it is now necessary to say 
something on the subject of their ornaments, how they 
originated, and upon what principles and for what pur- 
poses they were invented. In all buildings the timber 
framed work, which has various names, crowns them. 
The timbers vary as much in their uses as in their names. 
Those are called bressummers (trabes) which are placed 
over columns, pilasters (parastatee), and antse. In the 
framing of floors, beams (tigna) and boards (axes) are 
used. If the span of a roof be large, a ridge piece (co- 
lumen) is laid on the top of the king post (columna, 
whence is derived the word colunm), and a tye beam 
(transtrum) and struts (c£|,preoli) will be necessary. If 
the roof be of moderate span, the ridge piece (columen), 
and rafters (cantherii), of sufficient projection at their 
feet to throw the water off the walls, will answer the pur- 
pose. On the rafters are laid purlines (templa), and 
again on these, to receive the tiles, are placed common 
rafters (asseres), which must be of sufficient length to 
cover the walls and protect them. Thus each piece has 
its proper place, origin, and purpose. Hence, following 
the arrangement of timber framing, workmen have imi- 
tated, both in stone and marble, the disposition of tim- 
bers in sacred edifices, thinking such a distribution ought 
to be attended to ; because some ancient artificers, having 
laid the beams so that they ran over from the inner face 
of the walls, and projected beyond their external face, 
filled up the spaces between the beams, and ornamented 
the cornices and upper partSu. with wood-work elegantly 
wrought. They then cut off the ends of the beams that 
projected over Uie external face of the wall, flush with its 
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face; the appearance 'whereof being nnpleasing, they 
fixed, on the end of each beam so cut, indented t blets, 
similar to the triglyphs now in use, and painted them 
with a waxen composition of a blue colour, so that the 
ends of the beams in question might not be unpleasant 
to the eye. Thus the ends of the timbers covered with 
tablets, indented as just mentioned, gave rise to the tri- 
glyph and metopa in the Doric order. Others, in subse- 
quent works, suffered the rafters' feet above each tii- 
glyph, to run over, and hollowed out the projecting in- 
ferior surface. So, from the arrangement of beams, 
arose the invention of triglyphs ; and, from the projection 
of the rafters, the use of mutuli under the corona. On 
which latter account it is observable, that in works of 
stone and marble the carving of the mutuli is inclined, in 
imitation of the feet of rafters, whose slope is necessary 
to carry off the water. Hence we have the imitation of 
the earliest works to account for the Doric triglyph and 
mutulus, and not, as some have erroneously said, from 
the circumstance of triglyphs being introduced as win- 
dows ; which could not be the case, inasmuch as they 
are placed on external angles, and immediately over 
columns, in both which situations windows would be 
absurd in the highest degree, for the tye at the angles of 
buildings would be entirely destroyed, if occupied by 
windows ; and therefore the dentils of the Ionic orders 
might as properly be seen to occupy the places of win- 
dows, if the spaces occupied by triglyphs have an origin 
of such a nature. The intervals, moreover, .between den- 
tils, as well as those between triglyphs, are called meto- 
psB. Besides, the Greeks, by the word ovai, signify the 
beds of the beams, which we call cava columbaria : thus 
the space between two beams obtained the name of a 
metopa. As in works of the Doric order triglyphs and 
mutuli were first used, so in Ionic works the use of den- 
tils was first introduced ; for as the mutuli bear a resem- 
blance to the projecting feet of the principal rafters, so, 
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in the Ionic order, the dentils imitate the projection of 
the common rafters. Hence the Greeks never placed 
dentils below the mutuli, because the feet of common 
rafters cannot be below those of principal rafters. For a 
design must be anomalous, when that which ought to be 
above the principal rafters is placed below them. The 
ancients, therefore, neither approved nor used mutulinor 
dentils in the cornices of their pediments, but coronse 
simply; because neither principal nor common rafters 
tail on the front of a pediment, neither can they project 
beyond it, their direction being towards the eaves. 
Their opinion, therefore, evidently was, that a distribution 
woidd not be correct in a copy which could not exist in 
the prototype. For the perfection of aU works depends 
on their fitness to answer the end proposed, and on 
principles resulting from a consideration of Nature her- 
self, and they approved those only which, by strict ana- 
logy, were borne out by the appearance of utility. Their 
principles were thus established, and they have left uB 
the symmetry and proportion of each order. Following 
their steps, I have already spoken of the Ionic and 
Corinthian orders : I shall now proceed to give a suc- 
cinct account of the Doric order, and its most approved 
proportion. 



CHAPTER III. 
OF THE DOBIO PROPORTIONS. 

Some ancient architects have asserted that sacred build- 
ings ought not to be constructed of the Doric order, be- 
cause false and incongruous arrangements arise in the 
use of it. Such were l^e opinions of Tarchesius, PitheuSy 
and Hermogenes. The latter, indeed, after having pre- 
pared a large quantity of marble for a Doric temple. 
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changed his mind, and, with the materials collected, 
made it of the Ionic order, in honor of Bacchus. It is 
not because this order wants beauty, antiquity (genus), 
or dignity of form, but because its detail is shackled and 
inconvenient, from the arrangement of the triglyphs, and 
the formation of the sofite of the corona (lacunaria). It 
is necessary that the triglyphs stand centrally over the 
columns, and that the metopae which are between the 
triglyphs should be as broad as high. Over the columns, 
at the angles of the building, the triglyphs are set at 
the extremity of the frieze, and not oyer the centre of the 
columns. In this case the metopse adjoining the angular 
triglyphs are not square, but wider ^an the others by 
half the width of the triglyph. Those who resolve to 
make the metopee equal, contract the extreme interco- 
lumniation half a triglyph's width. It is, however, a 
false method, either .to lengthen the metopse or to con- 
tract the intercolumniations ; and the ancients, on this 
account, appear to have avoided the use of the Doric 
order in their sacred buildings. I will, however, proceed 
to explain the method of using it, as instructed therein 
by my masters ; so that if any one desire it, he will here 
find the proportions detailed, and so amended, that he 
may, without a defect, be able to design a sacred build- 
ing of the Done order. The front of a Doric temple, 
when columns are to be us^d, must, if tetrastylos, be 
divided into twenty-eight parts ; if hexastylos, into forty- 
four parts ; one of which parts is called a module, by the 
Greeks ififidrqs : from the module so found the distribu- 
tion of all the parts is regulated. The thickness of the 
columns is to be equal to two modules, their height 
equal to fourteen. The height of the capital one module, 
its breadth one module and a sixth. Let the height of 
the capital be divided into three parts ; then one of those 
parts is to be assigned for the abacus and its cyma- 
tium, another for the echinus, with its fillets ; the third 
for the hypotrdichelium. The diminution of the column 
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is to be as directed for the Ionic order in the third book. 
The architrave or epistylium, with its taenia and guttae, 
is to be one module in height ; the taenia is the seventh 
part of a module ; the length of the guttae under the 
taenia plumb with the triglyphs, and including the fillet, 
the sixth part of a module. The width of the sofiit of 
the architrave is to correspond with the thicktiess of the 
column at the hypotrachelium. Over the architrave 
triglyphs are placed, with metopae one module and a half 
high, and one module wide on the face. They are to be 
distributed so,' that as well over the columns at the 
angles, as over the intermediate columns, they may 
stand above the two central quarters of the columns. 
Two are to be placed in each intercolumniation, except 
in the central one of the pronaos and posticum, in which 
three are to be set ; because, by making the middle inter- 
columniations wider, a freer passage will be given to 
those who approach the statues of the gods. The width 
of a triglyph is divided into six parts, of which five are 
left in the middle, and of the two halves of the remaining 
part, one is placed on the right and the other on the left 
extremity. In the centre a flat surface is left, called the 
femur (thigh), by the Greeks fii/pos, on each side of 
which channels are cut, whose faces form a right angle ; 
and on the right and left of these are other femora ; and, 
lastly, at the angles are the two half channels. The tri- 
gljrphs being thus arranged, the metopae, which are the 
spaces between the triglyphs, are to be as long as they 
are high. On the extreme angles are semi-metopae half 
a module wide. In this way all the defects in the me- 
topae, intercolumniations, and lacunaria, will be remedied. 
The capitals of the triglyphs are to be made the sixth 
part of a module. Over the capitals of the triglyphs the 
corona is to be laid, whose projection is one half and a 
sixth part of a module, with a Doric cymatium over it, 
and another above it, so that, with the cymatia, the co- 
rona is one half of a module high. In the soffit of the 



89 

corona, perpendicularly over the triglyphs and centres of 
the metopsB, are arranged guttas and sinkings. The 
former, so as to have six guttae appearing in front, and 
three on the return : the remaining spaces, which occur 
£rom the increased width of the metopsB beyond that of 
the triglyphs, are left plain or sculptured with represen- 
tations of thunderbolts, and near the edge of the corona 
a channel is cut, called a scotia. The remaining parts, 
the tympana, C3rm88, and coronae, are to be executed 
similar to those described for Ionic buildings. The 
above is the method used in diastyle works. If the work 
be systyle, with a monotriglyph : the front of the building, 
when tetrastylos, is to be divided into twenty-three parts ; 
when hexastylos, into thirty-five : of these, one part is 
taken for a module ^ according to which, as above directed, 
the work is to be set out. Thus, over the epistylia are 
two metopsB and one triglyph, and in the angles a space 
will be left equal to half a triglyph. The middle part, 
under the pediment, will be equal to the space of three 
triglyphs and three metopsB, in order that the central 
intercolumniation may give room to those approaching 
the temple, and present a more digni6ed view of the 
statue of the god. Over the capitals of the triglyphs a 
corona is to be placed, with a Doric C3rmatium below, as 
above described, and another above. The corona, also, 
together with the cymatia, is to be half a module high. 
The soffit of the corona, perpendicularly over the tri- 
glyphs and centres of the metopse, is to have guttae and 
sinkings, and the other parts as directed for the diastyle. 
It is necessary that the columns should be wrought in 
twenty faces, which, if plane, will have twenty angles ; 
but if channelled, they are to be so formed, that a square 
being described, whose side is equal to that of the chan- 
nel or flute, if, in the middle of the square, the point of 
a pair of compasses be placed, and a segment of a circle 
be drawn, touching the angles of the square, such seg- 
ment wUl determine their sinking. Thus is the Doric 
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oolimm properly chamfered. In respect of the addi- 
tional thickness in the middle thereof, as mentioned in 
the third hook, respecting Ionic columns, reference must 
be made to that place. As the external symmetry of 
Corinthian, Doric, and Ionic edifices has been explained, 
it is necessary to give directions for the interior arrange- 
ments of the cell and pronaos. 



CHAPTER IV. 

OF THE INTEEIOR OF THE CELL AND THE ARRANGE- 

MENT OF THE PRONAOS. 

The length of a temple must be twice its width. The 
cell itself is to be in length one-fourth part more than 
the breadth, including the wall in which the doors are 
placed. The remaining three parts run forward to the 
antsB of the walls of the pronaos, which antse are to be 
of the same thickness as the columns. If the temple be 
broader than twenty feet, two columns are interposed 
between the two antse, to separate the pteroma from the 
pronaos. The three intercolumniations between the antsd 
and the columns may be enclosed with fence work, either 
of marble or of wood, so, however, that they have doors 
in them for access to the pronaos. If the width be greater 
than forty feet, columns opposite to those which are be- 
tween the antsB, are placed towards the inner part, of the 
same height as those in front, but their thickness is to be 
diminished as follows. If those in front are an eighth 
part of their height in thickness, these are to be one 
ninth ; and if the former are a ninth, or a tenth, the lat- 
ter are to be proportionally diminished. For where the 
air does not play round them, the diminution thus made 
will not be perceived; lest, however, they should appear 
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slenderer, when the flutes of the external columns be 
twenty-four in number, these may have twenty-eight, or 
even thirty-two. Thus, what is taken from the absolute 
mass of the shaft, will be imperceptibly aided by the 
number of the flutes, and though of different thicknesses, 
they will have the appearance of being equal. This arises 
from the eye embracing a greater number of surfaces, 
and thence producing on the mind the effect of a larger 
body. For if two columns, equally thick, one of them 
without flutes, and the other fluted^ are measured round 
with lines, and the line is passed over the flutes and 
their fillets, though the colunms are of equal thickness, 
the lines which girt them will not be equal, for that 
which passes over the fillets and flutes will of course be 
the longest. This being the case, it is not improper in 
confined and enclosed situations to make the columns of 
slenderer proportions, when we have the adoption of 
the flutes to assist us. The thickness of the walls of the 
ceU must depend on the magnitude of the work, taking 
care, however, that the antse are the same thickness as 
the columns. If built in the ordinary way, they are to 
be of small stones, very carefully laid, but if of square 
stone or marble the pieces should be chiefly small and 
of equal size, because then, the upper stones coming 
over the middle of the joint below them, bind the work 
together and give it strength ; fillets of lime used in 
pointing the joints and beds give the work an agreeable 
appearance. 
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CHAPTER V. 

OF THE DIFFERENT ASPECTS OF TEMPLES. 

If there be nothing to prevent it, and the use of the edi- 
fice allow it, the temples of the immortal gods should 
have such an aspect, that the statue in the cell may have 
its face towards the west, so that those who enter to sacri- 
fice, or to make offerings, may have their faces to the east 
as well as to the statue in the temple. Thus suppliants, 
and those performing their vows, seem to have the temple, 
the east, and the deity, as it were, looking on them at the 
same moment. Hence all altars of the gods should be 
placed towards the east. But if the nature of the plsuse 
do not permit this, the temple is to be turned as much as 
possible, so that the greater part of the city may be seen 
from it. Moreover, if temples be built on the banks of 
a river, as those in Egypt on the Nile, they should face 
the river. So, also, if temples of the gods be erected on 
the road side, they should be placed in such a manner 
that those passing by may look towards them, and make 
their obeisance. 



CHAPTER VI. 

OF THE PROPORTIONS OF THE DOORS OF TEMPLES. 

The following are the rules for door-ways of temples, 
and for their dressings (antepagmenta). First the spe^ 
cies is to be considered: this is Doric, Ionic, or Attic. 
The Doric is constructed with these proportions. The 
top of the cornice, which is above the upper dressing, is 
to be level with the top of the capitals in the pronaos. 
The aperture of the door is determined as follows. The 
height from the pavement to the lacunaria is to be di- 
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vided into three parts and a half, of which two constitute 
the height of the doors. The height thus obtained is to 
be divided into twelve parts, of which five and a half are 
given to the width of the bottom part of the door. This 
is diminished towards the top, equal to one-third of the 
dressing, if the height be not more than sixteen feet. 
From sixteen feet to twenty-five the upper part of the 
opening is contracted one-fourth part of the dressing. 
From twenty-five to thirty feet the upper part is con- 
tracted one-eight of the dressing. Those that are higher 
should have their sides vertical. The thickness of the 
dressings in front is to be equal to one-twelfth of the 
height of the door, and they are to diminish towards the 
top a fourteenth part of their width. The height of the 
architrave is to be equal to the upper part of the dress- 
ing. The C3anatiam is to be a sixth part of the dressing; 
its projection equal to its thickness. The cymatium is to 
be sculptured in the Lesbian form, with an astragal. 
Above the cymatium of the architrave of the dressing 
(supercilium), the frieze (hj-perthyrum), is placed, and it 
is to have a Doric C3anatium, with a Lesbian astragal, 
in low relief. Over this the corona is placed, unorna- 
mented, and with a cymatium. Its projection is to equal 
the height of the supercilium placed over the architrave 
of the dressing. On the right and left, projectures are 
made ; and the cymatia of the dressings are connected 
by a mitre. If the doors are Ionic, their height is V> be 
regulated as in those that are Doric. Their width is 
found by dividing the height into two parts and a half, 
and taking one and a half for the width below. The di- 
minution is to be as in the Doric door-way. The width 
of the dressings is to be a fourteenth part of the height 
of the aperture ; the cymatium a sixth part of their width ; 
the remainder, deducting the cymatium, is to be divided 
into twelve parts, three of which are given to the first 
fascia, with the astragal, four to the second, and five to 
the third. The fascise, with the astragal, run quite round 
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the dressings. The upper members of the door-way are 
the same as those of the Doric. The trusses (ancones)* 
or prothyrides, which are carved on the right and left, 
reach to the bottom of the level of the architrave, exclu- 
sive of the leaf. Their width on the face is one-third of 
the dressing, and at the bottom one-fourth part less. The 
wooden doors are to be so put together, that the hinge 
styles (scapi cardinales) may be one-twelfth of the height 
of the aperture. The pannels (t3rmpana) between the 
styles are to be three out of twelve parts in width. The 
arrangement of the rails is to be such, that when the 
height is divided into five parts, two are given to the 
upper and three to the lower rail. In the centre the 
middle rails (medii impages) are placed ; the others are 
disposed above and below. The width of the rail is to 
be one-third of the pannel, and its cymatium a sixth part 
of the rail itself. The width of the inner styles is one- 
half of the rail, and the raising (replum) four-sixths of 
the rail. The styles nearest the dressings are made one- 
half of the rail. If the doors are folding, the height re- 
mains the same, but the width is to be increased. If in 
four folds the height is to be increased. The Attic doors 
are made of the same proportions as the Doric, except 
that, in the dressings, the fasciae return within the cy- 
matium ; and these are proportioned so, that exclusive of 
the cymatium, they are to be two-sevenths. These doors 
are tiot to be inlaid (cerostrota), nor in two folds, but 
single folded, and to open outwards. I have explained, to 
the best of my power, the proportions used in setting 
out Doric, Ionic, and Corinthian temples, according to 
the approved methods. I shall now treat of the arrange- 
ment of Tuscan temples, and how they ought to be built. 
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CHAPTER VII. 

OF THE TUSCAN PROPOiRTIONS : OF CIRCULAR TEM- 
PLES, AND OTHER SPECIES. 

The length of the site of the temple intended, must be 
divided into six parts, wherefrom subtracting one part, 
the width thereof is obtained. The lengUi is then 
divided into two parts, of which the furthest is assigned 
to the cell, that next the front to the reception of the 
columns. The above width is to be divided into ten 
parts, of which, three to the right and three to the left 
are for the smaller cells, or for the alse, if such are re- 
quired : the remaining four are to be given to the cen- 
tral part. The space before the cells in the pronaos, is to 
have its columns so arranged, that those at the angles 
are to correspond with the antes of the external walls : 
the two central ones, opposite the walls, between the 
antfiB and the middle of the temple, are to be disposed, 
so that between the antse and the above columns, and in 
that direction, others may be placed. Their thickness 
below is to be one-seventh of their height : their height 
one-third of the width of the temple, and their thickness 
at top is to be one-fourth less than their thickness at 
bottom. Their bases are to be half a diameter in height. 
The plinths, which are to be circular, are half the height 
of the base, with a torus and fillet on them as high as 
the plinth. The height of the capital is to be half a 
diameter. The width of the abacus is equal to the 
lower diameter of the column. The height of the 
capital must be divided into three parts, of which one is 
assigned to the plinth or abacus, another to the echinus, 
the third to the hypotrachelium, with its apophyge. 
Over the columns coupled beams are laid of such height 
as the magnitude of the work may require. Their width 
must be equal to that of the hypotrachelium at the top 
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of the column, and they are to be so coupled together 
with dovetailed dowels as to leave a space of two inches 
between them. For if they are laid touching each other, 
and the air does not play round them, they heat and 
soon rot. Above the beams and walls the mutuli pro- 
ject one-fourth the height of the column. In front of 
these members are fixed, and over them the tympanum 
of the pediment, either of masonry or timber. Above 
the pediment the ridge-piece (columen), rafters (can- 
therii), and purlines (templa), are distributed so that the 
water may drip therefrom on three sides. Circular tem- 
ples are also constructed, of which some are monop- 
TERAL, having columns without a cell ; others are called 
PERIPTERAL. Thoso without a cell have a raised floor 
(tribunal), and an ascent thereto equal to one-third of 
their diameter. On the pedestals (stylobatse) columns 
are raised, whose height is equal to the diameter which 
the pedestal occupies, and their thickness, including the 
bases and capitals, one-tenth part of their height. 
The height of the architrave is half a diameter ; the 
frieze and members over it are to be proportioned ac- 
cording to the directions to that eflPect which have been 
given in the third book. But if the building be perip- 
teral, two steps, and then the pedestals are built there- 
under ; the wall of the cell is raised at a distance from 
the pedestals of about one-flfth of the whole diameter, 
and in the middle is left an opening for the door. The 
clear diameter of the cell within the walls, is to be equal 
to the height of the columns above the pedestals. The 
columns round the cell are proportioned as above di- 
rected. At the centre of the roof, the height of it is 
equal to half the diameter of the work, exclusive of the 
flower. The flower without the pyramid is to equal in 
dimensions the capitals of the columns. The other parts 
are to be similar in proportions and symmetry to those 
already described. Other species of temples are also 
erected, regulated on the same principles, but with a dif- 
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ferent arrangement of parts, such as the temple of Castor 
in the Circus Flaminius, and of Beardless Jupiter (Ve- 
jovis), hetween the two groves. As also, though more 
ingeniously contrived, that of Diana Aricina, with 
columns on each flank of the pronaos. The first tem- 
ples built similar to that of Castor in the Circus, were 
those of Minerva on the Acropolis of Athens, and of 
Pallas at Sunium in Attica, the proportions of which are 
similar. The length of the cells is double their breadth, 
and ID other respects, those symmetries which are used 
in the fronts are preserved on the sides. Others, with 
an arrangement of columns similar to that observed in 
Tuscan temples, transfer it to Corinthian and Ionic de- 
signs ; for in some examples, instead of the antsB which 
run out from the pronaos, two columns are substituted, 
and thus Tuscan and Greek principles are mixed. Others 
removing the walls of the cell, and placing them between 
the intercolumniations of the pteroma, give more space 
to the cell by their removal, and by preserving in other 
respects the same proportions and symmetry, seem to 
have invented another species which may be called 
PSEUDOFEBIFTEBAL. Thcse different sorts of temples are 
dependent on the sacrifices performed in them ; for tem- 
ples to the gods are not all to be constructed in the same 
manner, the worship and sacred rites of each being dif- 
ferent. I have, according to the rules taught to me, 
explaiaed the different principles on which temples are 
constructed, the different orders and symmetry of their 
detail, wherein and how they respectively differ; and 
this I have written to the best of my ability. I shall 
now describe the altars of the immortal gods, and their 
situation as adapted to sacrifices. 
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CHAPTER Vin. 

OF ALTABS TO THE GODS. 

The aspect of altars should be to the east, and they should 
always he lower than the statues in the temple, so that 
the supplicants and those that sacrifice, in looking to- 
wards the deity, may stand more or less inclined, as the 
reverence to be shewn may proportionably require. 
Hence altars are thus contrived ; the heights of those of 
Jupiter and the celestial gods are to be ashigh as they 
may conveniently be; those of Vesta, the Earth, and 
the Sea are made lower. On these principles, altars in 
the middle of temples are fitly proportioned. In this 
book the method of designing temples is shewn ; in the 
following, rules will be given for the arrangements to be 
observed in public buildings. 
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BOOK THE FIFTH. 



INTRODUCTION. 

Those, O Emperor, who at great length have explained 
their inventions and doctrines, have thereby given to 
their writings an extended and singular reputation. 
Wonld that snch were the case with my labours, so 
that ampli6cation might bring reputation with it. That, 
however, I believe is not probable, since a treatise on 
Architecture is not like History or Poetry. History in- 
terests the reader by the various novelties which occur in 
it; Poetry, on the other hand, by its metre, the feet of its 
verses, the elegant arrangement of the words, the dia- 
logue introduced into it, and (he distinct pronunciation 
of the lines, delighting the sense of the hearer, leads him 
to the close of the subject without fiedigne. This cannot 
be accomplished in Architectural works, because the 
terms, which are unavoidably technical, necessarily throw 
an obscurity over the subject. These terms, moreover^ 
are not of themselves intelligible, nor in common use ; 
hence if the precepts which are delivered by authors ex- 
tend to any length, and are otherwise explained than in 
few and perspicuous expressions, the mind of the reader 
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is bewildered by the quantity and frequent recurrence of 
them. These reasons induce me to be brief in the ex- 
planation of unknown terms, and of the symmetry of the 
parts of a work, because the matter may thereby be more 
easily committed to and retained by the memory. I am 
moreover inclined to be concise when I reflect on the 
constant occupation of the citizens- in public and private 
affairs, so that in their few leisure moments they may 
read and understand as much as possible. Pythagoras 
and his followers wrote the precepts of their doctrines in 
cubical arrangement, the cube containing two hundred 
and sixteen verses, of which they thought that not more 
than three should be allotted to any one precept. A cube is 
a solid, with six equal square faces, which, however it falls, 
remains steady and immoveable till removed by force : 
such are the dice which are thrown on a table by game- 
sters. From this circumstance they seem to have adopted 
the cube, since like the cube, this number of verses makes 
a more lasting impression on the memory. The Greek 
comic poets have also divided the action of their stories, 
by the interposition of the chorus to ease the principal 
actors so that a cubical proportion is observed. Since 
the ancients therefore used these methods, founded on* 
the observance of natural effects, seeing that the subject 
I treat of will be new and obscure to many, I thought it 
would be preferable to divide it into small portions, that 
it might more easily strike the understanding of the 
reader. The subjects also are so arranged, that those of 
the same nature are classed together. Thus, O Ceesar, I 
explained the proportions of temples in the third and 
fourth books; in this I intend to describe the arrange- 
ment of public buildings ; and that of the forum first, 
because therein public no less than private affairs are 
regulated by the magistrates. 
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CHAPTER I. 

OF THE FORUM AND BASILICA. 

The Greeks make their fomm square, with a spacious and 
double portico, ornamenting it with columns placed at 
nairow intervals, and stone or marble epistylia, and form- 
ing walks above on the timber framed work. In the 
cities of Italy, however, this practice is not followed, be- 
cause the ancient custom prevails of exhibiting the shows 
of gladiators in the forum. Hence, for the convenience of 
the spectators, the intercolumniations must be wider; and 
the bankers' shops are situated in the surrounding porticos 
with apartments on the floors over them, which are con- 
structed for the use of the parties, and as a depot of 
the public revenue. The size of the forum is to be pro- 
portioned to the population of the place, so that it be 
not too small to contain the numbers it should hold, 
nor have the appearance of being too large, from a want 
of numbers to occupy it. The width is obtained by as- 
signing to it two-thirds of its length, which gives it an 
oblong form, and makes it convenient for the purpose of 
the shows. The upper columns are to be made one- 
fourth less than those below ; and that because the latter 
being loaded with a weight, ought to be the stronger ; be- 
cause, also, we should follow the practice of nature, which, 
in straight growing trees, like the fir, cypress, and pine, 
makes the thickness at the root greater than it is at top, 
and preserves a gradual* diminution throughout their 
height. Thus, following the example of nature, it is 
rightly ordered that bodies which are uppermost should 
be less than those below, both in respect of height and 
thickness. The basilica should be situated adjoining 
the forum, on the warmest side, so that the merchants 
may assemble there in winter, without being inconve- 
nienced by the cold. Its width must not be less than a 
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third part, nor more than half its length, unless the na- 
ture of the site prevent it, and impose a different pro- 
portion; if, however, that be longer than necessary, a 
chalcidicum is placed at the extremity, as in the Julian 
basilica on the Aquiline. The columns of basilicee are 
to be of a height equal to the breadth of the portico, and 
the width of the portico one-third of the space in the 
middle. The upper columns, as herein above described, 
are to be less than those below. The parapet between 
the upper columns should be made one-fourth less than 
those columns, so that those walking on the floor of the- 
basilica may not be seen by the merchants. The propor- 
tions of the architrave, frieze, and cornice may be learnt 
from what has been said on columns in the third book. 
Basilicse, similar to that which I designed and carried inta 
execution in the Julian colony of Fano, will not be defi- 
cient either in dignity or beauty. The proportions and 
symmetry of this are as follow. The middle vault, be- 
tween the columns, is one hundred and twenty feet long, 
and sixty feet wide. The portico round it, between the 
walls and columns, is twenty feet wide. The height of 
the columns, including the capitals, is fifty feet, their 
thickness five feet, and they have pilasters behind them 
twenty feet high, two feet and a half wide, and one and 
a half thick, supporting beams which cany the floor of 
the portico. Above these, other pilasters are placed, 
eighteen feet high, two feet wide, and one foot thick, 
which also receive timbers for carrying the rafters of the 
portico, whose roof is lower than the vault. The spaces 
remaining between the beams, over the pilasters and the 
columns, are left open for light in the intercolumnia- 
tions. The columns in the direction of the Inreadth of 
the vault are four in number, including those on the an- 
gles right and left; lengthwise, in which direetien it 
Joins the forum, the number is eight, including those at 
the angles ; on the opposite side, including all the 
-angular columns, there are six columns, because the two 
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central ones on that side are omitted, so that the view of 
the pronaos of the temple of Augustus may not be ob- 
structed : this is placed in Ijie middle of the side wall of 
the basilica, facing the centre of the forum and the 
temple of Jupiter. The tribunal is in the shape of a 
segment of a circle ; the front dimension of which is 
forty-six feet, that of its depth fifteen feet ; and it is S9 
contrived, that the merchants who are in the basilica 
may not interfere with those who have business before 
the magistrates. Over the columns round the building 
architraves are placed. These are triple, each of them 
two feet in size, and are fastened together. At the third 
column, on the inside, they return to the antsD of the 
pronaos, and are carried on to meet the segment on the 
right and left. Over the architraves, upright with the 
capitals, piers are built three feet high and four feet 
square, on which are laid beams well wrought, joined 
together in two thicknesses of two feet each, and thereon 
the beams and rafters are placed over the columns^ antaa, 
and walls of the pronaos, carrying one continued ridge 
along the basilica, and another from the centre thereof, 
over the pronaos of the temple. Thus the two-fold 
direction of the roof gives an agreeable effect outside, 
and to the lofty vault within. By this arrangement the 
omission of the cornices and parapets, and the upper 
range of columns, saves considerable labour, and greatly 
diminishes the cost of the work; and the columns in one 
height brougkt up to the architrave of the arch, give an 
appearance of magnificence and dignity to the building. 



104 



CHAPTER n. 

OF THE TBEASUBY, PEISON, AND CUMA. 

The treasury, prison, and curia are to adjoin the forum, 
to which their dimensions are to be proportionate. First 
of the curia, which must be suitable to the importance of 
the community or state. If square, its height is to be 
once and a half its width ; but if oblong, the length and 
width must be added together, and one-half of their sum 
assigned for the height up to the lacunaria. The walls, 
moreover, at half their height, are to have cornices run 
round them of wood or plaster. For if such be not pro- 
vided, the voices of the disputants meeting-with no check 
in their ascent, will not be intelligible to the audience. 
But when the walls are encircled roimd with cornices, 
the voice, being thereby impededj will reach the ear be- 
fore its ascent and dissipation in the air. 



CHAPTER HL 

OF THE THEATRE, AND OF ITS HEALTHY SITUATION. 

When the forum is placed, a Spot as healthy as possible 
is to be chosen for the theatre, for the exhibition of 
games on the festival days of the immortal gods, ac- 
cording to the instructions given in the first book re- 
specting the healthy disposition of the walls of a city. 
For the spectators, with their wives and children, de- 
lighted with the entertainment, sit out the whole of the 
games, and the pores of their bodies being opened by 
the pleasure they enjoy, are easily aflfected by the air, 
which, if it blows from marshy or other noisome places. 
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infuses its bad qualities into the system. These evils 
are avoided by the careful choice of a situation for the 
theatre, taking especial precaution that it be not exposed 
to the south ; for when the sun fills the cavity of the 
theatre, the air confined in that compass being incapable 
of circulating, by its stoppage therein, is heated, and 
bums up, extracts, and diminishes the moisture of the 
body. On these accounts, those places where bad air 
abounds are to be avoided, and wholesome spots to be 
chosen. The construction of the foundations will be 
more easily managed, if the work be on a hill; but if we 
are compelled to lay them on a plain, or in a marshy 
spot, the piling and foundations must be conducted as 
described for the foundations of temples in the third 
book. On the foundations, steps (gradationes) are raised, 
of stone and marble. The number of passages (prsecinc- 
tiones) must be regulated by the height of the theatre, 
and are not to be higher than their width, because if 
made higher, they will reflect and obstruct the voice in 
its passage upwards, so that it will not reach the upper 
seats above the passages (prsecinctiones), and the last 
syllables of words will escape. In short, the building 
should be so contrived, that a line drawn from the first 
to the last step should touch the front angle of the tops 
of all the seats ; in which case the voice meets with no 
impediment. The entrances (aditus) should be numerous 
and spacious ; those above ought to be unconnected with 
those below, in a continued line wherever they are, and 
without turnings ; so that when the people are dismissed 
from the shows, they may not press on one another, but 
have separate outlets free from obstruction in all parts. 
A place which deadens the sound must be carefully 
avoided; but, on the contrary, one should be selected 
in which it traverses freely. This will be effected, if a 
place is chosen wherein there is no impediment to sound. 
The voice arises from flowing breath, sensible to the 
hearing through its percussion on the air. It is pro- 

f3 
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pelled by an infinite number of circles similar to those 
generated in standing water when a stone is cast therein, 
which, increasing as they recede from the centre, extend 
to a great distance, if the narrowness of the place or 
some obstruction do not prevent their spreading to the 
extremity ; for when impeded by obstructions, the first 
recoil affects all that follow. In the same manner the 
voice spreads in a circular direction. But, whereas the 
cipcle|, in water only spread horizontally, the voice, on 
the contrary, extends vertically as well as horizontally. 
Wherefore, as is the case with the motion of water, so 
with the voice, if no obstacle disturb the first undulation, 
not only the second and following one, but all of them 
will, without reverberation, reach the ears of those at 
bottom and those at top. On this account the ancient 
architects, following nature as their guide, and reflecting 
on the properties of the voice, regulated the true ascent 
of steps in ar theatre, and contrived, by musical propor- 
tions and mathematical rules, whatever its effect might 
be on the stage (scena), to make it fall on the ears of the 
audience in a clear and agreeable manner. Since in 
brazen or horn wind instruments, by a regulation of the 
genus, their tones are rendered as clear as those of 
stringed instruments, so by the application of the laws 
of harmony, the ancients discovered a method of in- 
creasing the power of the voice in a theatre. 



CHAPTER IV. 

OF HARMONY. 

Habmont is an obscure and difficult musical science, but 
most difficult to those who are not acquainted with the 
Greek language ; because it is necessary to use many 
Greek words to which there are none corresponding in 
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Latin. I will therefore explain, to the best of my ability, 
the doctrine of Aristoxenus, and annex his diagram, and 
will so designate the place of each tone, that a person 
who studiously applies himself to the subject may very 
readily understand it. The inflexion of the voice is two- 
fold ; first, when it is monotonous, second, when it pro- 
ceeds by intervals. The first is not limited by cadences 
at the close, nor in any other place ; no perceptible dif- 
ference of tone being discoverable between its begin, 
ning and its ending, the time between each sound is 
however distinctly marked, as in speaking, when we pro- 
noimce the words, sol, lux, fios, nox. Herein the ear 
does not perceive any difference of tone between the 
beginning and the ending, by the voice rising higher or 
descending lower ; neither, that from a high pitch it 
becomes lower, nor the contrary. But when the voice 
moves by intervals, it is differently inflected, being 
sometimes at a high pitch, and sometimes at a low one, 
and resting at different times on different tones ; by 
doing which with quickness and facility, it appears 
unfixed. Thus in singing, the variety of inflexion pro- 
duces an air. In short, by the use of different inter- 
vals, the tones are so marked and determined, that we 
perceive the pitch at which it begins, and that at 
which it finishes, though the intermediate tones are 
not heard. There are three sorts of modulation, the 
enharmonic {opfMvCa), the chromatic (xpto/m), and the 
diatonic (Siarovos), so called by the Greeks. The enhar- 
monic is so constructed by art, as to be full of majesty 
and pathos. The chromatic by the skilful contrivance 
and closeness of its intervals has more sweetness. The 
diatonic, whose intervals are more simple, is most 
natural. The disposition of the tetrachords, in these 
genera, are dissimilar. The enharmonic tetrachord con- 
sists of two dieses, and two whole tones ; a diesis being 
the fourth part of a tone, and two of them consequently 
equal to a semitone. In the chromatic tetrachord, there 
are two consecutive semitones, and the third interval 
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contains three semitones. The diatonic tetrachord has 
two consecutive tones, and an interval of a semitone. 
Thus in each genus, the whole tetrachord is equal to two 
whole tones and a semitone. But the intervals in each 
genus, differ when considered separately. For nature 
has made the divisions of tones, semitones, and tetrar 
chords, and has estahlished those proportions of the in- 
tervals, hy which workmen are guided in making and 
assigning their just proportions to instruments. Each 
genus consists of eighteen sounds, which the Greeks 
call <l>$6YY0i (phthongi). Of these, eight sounds in each 
of the genera, vary neither in sound nor situation. The 
remaining ten in each are not common to the other two 
genera. Those which do not vary, contain hetween 
them the variahle soimds, and are the limits of the tetra- 
chprds in all the genera. Their names are as follow : 
proslamhanomenos, hypat^ hypatdn, hypate mes6n, mesd, 
net^ syn^mmen6n, parames^, net^ diezeugmendn, netd 
hyperholsedn. The variahle, which lie hetween those 
that are not variahle, change their places according to 
the genus. Their names are parhypat^ hypatdn, lichanos 
hypaton, parhypat^ mes6n, lichanos meson, tritd syn^- 
men6n, paranetd syn^mmendn, trit^ diezeugmendn, 
paranet^ diezeugmendn, trit^ hyperholeeon, paranetd 
hyperholsedn. Those sounds which shift their places, 
change also their nature, and are at different intervals, 
as, for instance, the interval between hypate and parhy- 
pat^, which in the enharmonic genus is only a diesis or 
quarter tone, is in the chromatic genus a semitone. So 
the lichanos is only a semitone distant from the hypatd 
in the enharmonic genus ; whereas in the chromatic it is 
two semitones distant, and in the diatonic three semi- 
tones. Thus the ten sounds, by their situation in the 
different genera, make three different sorts of melody. 
There are five tetrachords. The Greeks call the lowest 
vnuTov (hypaton) ; the second, which is in the middle, 
fi&rov (meson). The third, which is joined to the two 
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preceding, is called crwrffifiofov (syn^mmenon). The 
fourth, which is disjoined, called StcfcvyfieFov (diezeug- 
menon). The fifth, which is the highest, the Greeks 
call v7r€pP6Xmov (hyperholsBon). The natural conso- 
nances, which the Greeks call <rvpxf)(avCcu (symphoniee), 
are six in numher ; diatessaron (fourth), diapente (fifth), 
diapas6n (octave), diapason with diatessar6n (eleventh), 
diapason with diapente (twelfth), and disdiapason (fif- 
teenth). These names are given them from the numher 
of tones which the voice passes through in going to 
them, counting that on which the voice hegins as one ; 
thus, moving through them to the fourth sound is called 
diatessardn; to the fifth, diapente, to the eighth dia- 
pas6n, to the eleventh diapas6n with diatessardn, to the 
twelfth diapas6n with diapente, to the fifteenth disdia- 
pason. For hetween two intervals, either in a melody 
sung hy a voice, or played on a stringed instrument, 
neither with the third, sixth nor seventh can there he 
consonances, hut only, as ahove shewn, with the diates- 
sardn and diapente up to the disdiapasdn do natural con- 
sonances arise, and those are produced hy an union of 
those sounds which the Greeks call ffSoyyoi, (phthongi). 



CHAPTER V. 

OF THE VASES USED IN THE THEATRE. 

On the foregoing principles, the hrazen vases are to be 
made with mathematical proportions, depending on the 
size of the theatre. They are so formed, as when 
struck, to have sounds, whose intervals are a fourth, 
fifth, and so on consecutively to a fifteenth. Then, between 
the seats of the theatre, cavities having been prepared, 
they are disposed therein in musical order, but so as not 
to touch the wall in any part, but to have a clear space 
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round them and over their top : they are fixed in an in- 
verted position, and on the side towards the scene are 
supported by wedges not less than half a foot high : and 
openings are left towards the cavities on the lower beds 
of the steps, each two feet long, and a half a foot wide. 
The following is the rule for determining the situations 
of these vases. If the theatre be of moderate size they 
must be ranged round at half its height. Thirteen 
cavities are prepared at twelve equal distances from each 
other, so that those tones above-named, producing net^ 
hyperbolseon, are to be placed in the cavities at the 
extreme ends ; second, from the ends, the vessels are to 
be of the pitch of netd diezeugmendn, bearing an in- 
terval of one-fourth from the last mentioned. The third 
net^ paramesdn, an interval of another fourth. The 
fourth, net^ synemmenon, another fourth. The fifth, 
mes^, a fourth. The sixth, hypat^ meson, a fourth : in 
the centre of the range, hypat^ hypatdn, a fourth. • By 
the adoption of this plan, the voice which issues from 
the scene, expanding as from a centre, and striking 
against the cavity of each vase, will sound with increased 
clearness and harmony, from its unison with one or 
other of them. If, however, the theatre be on a larger 
scale, the height is to be divided into four parts, so that 
three ranges of cavities may be provided, one for har- 
monic, the second for chromatic, and the third for dia- 
tonic vases. That nearest the bottom is for the harmonic 
genus as above described, for a lesser theatre. In the 
middle range on the extremities, vases producing the 
chromatic hyperboleeon are placed : in the second cavi- 
ties the chromatic diezeugmenon, a fourth from the last: 
in the third, at another interval of a fourth, the chro- 
matic syndmmenon : in the fourth, the chromatic meson, 
another fourth : in the fifth, the chromatic hypaton, another 
fourth : in the sixth; the parames^, which is a fifth to 
the chromatic hyperbola&on, and a fourth to the chro- 
matic meson. In the centre none are to be placed. 
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because no other sound in the chromatic genus can be 
in consonance therewith. In the upper division and 
range of the cavities, the vases on the extremities are 
constructed to produce the tones of the diatonic hyper- 
bolseon : in the next cavities/ those of the diatonic 
diezeugmenon, a fourth : in the third, of the diatonic 
syn^mmenon, a fourth : in the fourth, of the diatonic 
meson, a fourth : in the fifth, of the diatonic hypaton, 
a fourth : in the sixth, proslambanomenos, a fourth : in 
the centre, mes^, between which and proslambanomenos 
is an octave, and a fifth between it and the diatonic 
hypaton. He who is desirous of more fully understand- 
ing these matters, must refer to the musical diagram at 
the end of the book, which is that left to us by Aris. 
toxenus, who with much intelligence and labour, formed 
a general scale of the tones. Hence, he who carefully 
attends to these rules, to the nature of the voice, and to 
the taste of the audience, will easily learn the methiDd of 
designing theatres with the greatest perfection. Some 
one may perchance urge, that many theatres are yearly 
built in Bome, without any regard to these matters. But 
let him not be herein mistaken, inasmuch as all*public 
theatres which are constructed of wood, have many 
floors, which are necessarily conductors of soimd. This 
circumstance may be illustrated, by consideration of the 
practice of those that sing to the harp, who when they 
wish to produce a loud effect, turn themselves to the 
doors of the scene, by the aid of which their voice is 
thrown out. But when theatres are constructed of solid 
materials, that is of rubble, squared stones or marble, 
which are not conductors of sound, it is necessary to 
build them according to the roles in question. If it be 
asked what theatre in Bome can be referred to as an 
sample of their utility, we cannot produce one, but 
such may be seen in some of the provinces of Jtaly, and 
^rnany in the Grecian States. We moreover know that 
L. Mummius^ on the destruction of the theatre at 
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Corinth, brought to Rome some of its brazen vases, 
and dedicated them as spoils at the temple of Lmia. 
Many clever architects who have built theatres in small 
cities, from the want of other, have made use of earthen 
vessels, yielding the proper tones, and have introduced 
them with considerable advantage. 



CHAPTER VL 

OF THE SHAPE OF THE THEATRE. 

The form of a theatre is to be adjusted so, that from the 
centre of the dimension allotted to the base of the peri- 
meter a circle is to be described, in which are inscribed 
four equilateral triangles, at equal distances from each 
other, whose points are to touch the circumference of 
the circle. This is the method also practised by astro- 
logers in describing the twelve celestial signs, according 
to the musical division of the constellations. Of these 
triangles, the side of that which is nearest the scene 
will determine the face thereof in that part where it cuts 
the circumference of the circle. Then through the centre 
a line is drawn parallel to it, which will separate the 
pulpitum of the proscenium from the orchestra. Thus 
the pulpitum will be more spacious than that of the 
Greeks, and be the better, because oi^ actors re- 
main chiefly on the scena. In the orchestra, seats 
are assigned to the senators, and the height of its pul- 
pitum must not exceed five feet, so that those who 
sit in the orchestra may be enabled to see all the 
motions of the actors. The portions between the 
staircases (cunei) of the theatre are so divided that 
the angles of the triangles, which touch the cir- 
cumference, point to the directions of the ascents and 
steps between the cunei, on the first prsdcinction or 
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story. Above these the steps are placed alternately, and 
form the upper ciinei in the middle of those below. The 
angles thus pointing to staircases will be seven in num- 
ber, the remaining five will mark certain points on the 
scene. That in the middle, for instance, will mark the 
situation of the royal doors, those on the right and left, 
the doors of guests, and those at the extremities, the 
points at which the road turns off. The seats (gradus) 
on which the spectators sit are not to be less than twenty 
inches in height, nor more than twenty^two. Their width 
must not be more than two feet and a half, nor less than 
two feet 



CHAPTER -VII. 

OF THE PORTICO AND OTHElR PAETS OF THE 

THEATEE. 

The rdof of -the portico, which is on the last step, should 
be on a level with the 4x)p of the scene ; by which ar^ 
rangement the voice wiH extend and be distinct to those 
on ^e u^^r seats and roof. For if it be not equally 
high, "where that height is d^cient, the voice, first striking 
thereon, will be stopped. One sixth psurt of the diameter 
of the orchestra is taken between the lowest steps, and 
level with that dimension the lower seats are disposed. 
A continuation of this line on the scene marks the 
height of the entrances : for thus proportioned, they will 
be of sufficient altitude. The length of the scene must 
be double the diameter of the orchestra. The height of 
the podium, or pedestal, with its cornice and base, from 
the level of the pulpitum, is a twelfth part of the diameter 
of the orchestra. The columns on the podium, with 
their capitals and bases, are to be one-fourth of its 
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diameter high. The architraves and cornices of those 
columns one-fifth of their height. The upper pedestal, 
including the hase and cornice, half the height of the 
lower pedestal. The columns on this pedestal one- 
fourth less in height than the lower columns. The 
architrave and its cornice a fifth of the columns. If 
there is to be a third order, the upper pedestal is to be 
half the height of that under the middle order, and the 
architrave and cornice a fifth of the columns. It is not, 
however, possible to produce the same effect in every 
theatre by the same proportions; but it behoves the 
architect to consider the proportions which symmetry 
requires, and those adapted to the nature of the place or 
the size of the work. Some things there are whose use re- 
quires them to be of the same size in a large as in a small 
theatre ; such as the steps, preecinctions, parapets, pas- 
sages, stairs, pulpita, tribunals, and others which occur ; 
in all which, the necessity of suiting them to their use, 
makes it impossible to form them symmetrically. So, 
also, if the materials are not provided in sufficient quan- 
tity, such as marble, wood, and the like, the diminution 
of or addition to the dimensions, so that it be not too 
much, and ma,de with judgment, may be permitted : and 
this will be easily managed by an architect who is a man 
of experience, and who possesses ingenuity and talent. 
The parts of the scone are to be so distributed, that the 
middle door may be decorated as one of a royal palace ; 
those on the right and left, as the doors of the guests. 
Near these are the spaces destined to receive the decora- 
tions ; which places the Greeks call ircptoicrot, from the 
turning triangular machines. Each of these machines 
has three species of decoration, which, when the sub- 
ject changes, or on the appearance of a god, are moved 
round with sudden claps of thunder, and alter the appear- 
ance of the decoration. Near these places the turnings 
run out, which give entrance to the scene from the forum 
and from the country. 
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CHAPTEB VIII. 

OF THE THBEE SORTS OF SCENES, AND OF THE 
THEATRES OF THE GREEKS. 

Thebe are three sorts of scenes, the Tragic, the Comic, 
and the Satyric. The^ decorations of tiiese are different 
from each, other. The tri^c scenes are ornamented 
with colimms, pediments, statnes, and other royal deco- 
rations'. The comic scene represents private buildings 
and galleries, with windows similar to those in ordinary 
dwellings. The satyric scene is ornamented with trees, 
caves, hills, and other rural objects in imitation of nature. 
In the theatres of the Greeks the design is not made on 
the same principles as those above mentioi^ed. First, 
as to the general outiine of the plan : whereas, in the 
Latin theatre, t)ie points of four triangles touch the cir- 
(^umference, in the theatre&of the Greeks, the angles of 
three squares are substituted, and the aide c^ that square 
which is nearest to the place of the scene, at the points 
where it touches the cireumference of the circle, is the 
boundary of the proscenium. A line drawn parallel to 
this at the extri^ity of the circle, will give the front of 
the scene. Through the centre of the orchestra, oppo- 
site to the proscenium, another psLrallel line is drawn 
touching the circumference on the right and left, then 
one foot of the compasses b^ing fixed on the right hand 
point, with a radius equal to the distance from the left 
point, describe a circle on the right hand side of the 
proscenium, and placing the foot of the compasses on the 
left hand point» with the distance of the right han4 in- 
terval, describe another circle on the left side of the 
proscenium. Thus describing it from three centres, the 
Greeks have a larger orchestra^ and their scene is fur- 
ther recessed. The pulpitum, which they call Aoyciov, 
is less in width : wherefore, among them, the tragic and 
comic performers act upon the scene; the re^t going 
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tlirough their parts in the orchestra. Hence the per- 
formers are distingnished by the names of Scenici and 
Thymelici. The height of the pulpitum is not less 
than ten feet, nor more than twelve. The directions of 
the stairs, between the cnnei and seats, are opposite to 
the angles of the squares on the first prsecinction. Above 
it the other stairs Ml in the middle between the lower 
ones, and so on according to the number of prsBcinctions. 
When these matters are arranged with great care and 
skill, particular attention must be bestowed on the 
choice of a place where the voice falls smoothly, and 
reaches the ear distinctly without an echo.. Some places 
are naturally unfavourable tothe diffusion of the voice. 
Such are the dissonant, whichin Greek are -celled 
KanfixpwTfs ; the circumsonant, which the Greeks call 
ir€pi7p(ovirT€s ; the resonant, which they call Sivnfx<wvT€s ; 
and the consonant, which th6y call owcxoiWes. The 
dissonant places are those 'in which the voice, rising 
first upwards, is obstructed by some hard bodies above, 
and, in its return downwards, checks the ascent of its 
following sounds. The circumsonant are those where 
the voice, wandering round, is at last retained in the 
centre, where it is dissipated, and, the final syllables 
being lost, the mesming of words is not distinguished. 
The resonant are those in which the voice, striking 
against some hard body, is echoed in the last syllables 
so that they appear doubled. Lastly, the consonant are 
those in which the voice, aided by something below, falls 
on the ear with great distinctness of words. Hence, if 
due care be taken in the choice of the situation, the 
effect of the voice will be improved, and the utility of 
the theatre increased. The differences of the figures 
consist in this, that those formed by means of squares 
are used by the Greeks, and those formed by means of 
triangles by the Latins. He who attends to these pre- 
cepts will be enabled to erect a theatre in a perfect 
manner. 
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CHAPTER IX. 

OF THE PORTICOS AND* PASSAGES BEHIND THE 

SCENES. 

Behind the scenes porticos are to be built ; to which, in 
case of sudden showers, the people may retreat from the 
theatre, and also sufficiently capacious for the rehearsals 
of the chorus : such are the porticos of Pompey, of 
Eumenes at Athens, and of the temple of Bacchus ; and 
on' the left passing from the theatre, is the Odeum, 
which, in Athens, Pericles ornamented with stone co- 
lumns, and with the masts and yards of ships, from the 
Persian spoils. This was destroyed by fire in the Mi- 
thridatic war, and restored by king Ariobarzanes. At 
Smyrna was the Strategeum: at Tralles were porticos 
on each side over the stadium, as in the scenes of 
theatres. In short, in all cities which possess skilful 
architects, porticos and walks are placed about the 
theatre, and these ought to be constructed double, with 
their exterior columns of the Doric order, whose archi- 
traves, and cornices are to be wrought after the Doric 
method. Their width is to be thus proportioned : the 
height of the exterior columns is equal to the distance 
from the lower part of the shaft of the exterior columns 
to that of those in the middle, and from them to the 
walls which surround the walks of the portico is an equal 
distance. The middle range of columns is one fifth 
part higher than the exterior range ; and is of the Ionic 
or Qorinthian order.* The proportions and symmetry of 
these columns are not to be guided by the rules delivered 
for those of sacred buildings. For the style used in the 
temples of the gods should be dignified ; whereas, in 
porticos and similar works, it may be of a lighter cha- 
racter. If, therefore, the columns be of the Doric order, 
their height, including the capitals, is to be divided into 
fifteen parts, of which one is taken as a module. By this 
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all the ^ork is set out, making the thickness of the lower 
part of the column equal to two modules. The inter- 
columniation is of five modules and a half. The height 
of a column, exclusive of the capital, fourteen modules ; 
the height of the capital one module, the width of it two 
modules and a sixth. The proportions of the rest of the 
work are to be the same as those described for sacred 
buildings in the fourth book. K Ionic columns be used, 
the shaft, exclusive of the base and capital, is to be 
divided into eight parts and a half, of which one is 
assigned to the thickness of the column. The base, 
with its plinth, is half a module high ; and the formation 
of the capital is to be as shewn in the third book. If 
Corinthian, the shaft and base are to be the same as the 
Ionic ; but the capital is to be proportioned as directed 
in the fourth book ; and the addition on the pedestal is 
made by means of the scamilli impares, mentioned in the 
third book. The architraves, coronas, and all the other 
parts, are set out in proportion to the columns as ex- 
plained in the foregoing books. The central space be- 
tween the porticos should be ornamented with verdure, 
inasmuch as hypsethral walks are very healthy ; first, in 
respect of the eyes, because the air from green plants 
being light and volatile, insinuates itself into the body 
when in motion, clears the sight, and, removing the gross 
humours from the eyes, leaves the vision clear and dis- 
tinct. Moreover, when the body is heated by the exer- 
cise of walking, the air, extracting its humours, diminishes 
corpulency, dissipating that which is superabundant in 
the body. That this is the case, may be proved bv ob- 
serving, that from fountains in covered places^ or those 
which are under ground, no moist vapours rise ; whilst 
in open places exposed to the air, when the rising sun 
darts his rays upon the earth, he raises the vapours from 
humid and marshy places, and, gathering them into 
masses, carries them into the air. If, therefore, in open 
places, the noxious humours of bodies are carried off by 
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the air, as they are fix)m the earth by means of qjouds, 
there can be no doubt of the necessity of making spa- 
cious and pleasant walks open to the air in every, city. 
That they may always be dry and free from mud, the 
following method must be adopted. They must be dug 
out and drained to the lowest possible level; and on 
the right and left sewers must be constructed ; arid in 
the walls thereof, towards the walk, drains are laid, with 
an inclination to the sewer. When this is done, the 
place is filled in with charcoal ; over which the walks are 
strewed with gravel, and levelled. Thus, from the na- 
tural porosity of the charcoal, and the inclination of the 
drains towards the sewer, the quantity of water is car- 
ried off, and the passages remain dry and unaffected by 
the moisture. In these places the ancients also made 
depots for the reception of things necessary for the use 
of the city. For in case of the city being imder block- 
ade, all things are more easily provided than wood. Salt 
is with facility laid in beforehand ; com, from the public 
or private stores, is soon collected ; and the want of that 
is remedied by the use of garden herbs, flesh, or pulse. 
Water is obtained either by digging new wells, or by 
collecting it from the roofs of buildings; but wood, 
which is absolutely necessary for cooking the food, is 
provided with difficulty and trouble ; and that which is 
slowly procured is quickly consumed. In such times 
these walks are opened, and an allowance distributed to 
the tribes, according to their numbers. Thus they are 
conducive to two good purposes; to health in time of 
peace, and to preservation in time of war. If walks are 
provided after these directions not only behind the scene 
of the theatre, but also adjoining the temples of all the 
gods, they will be of great utility in every city. As they 
have been sufficiently explained, the method of arranging 
the different parts of baths will now follow. 
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CHAPTER X. 

OF THE AERANGEMENT AND PARTS OF BATHS. 

First, as warm a spot as possible is to be selected, 
that is to say, one sheltered from the north and north 
east. The hot and tepid baths are to receive their 
light from the winter west ; but, if the nature of the 
place prevent that, at all events from the south, 
because the hours of bathing are principally from 
noon to evening. Care nmst be taken that the warm 
baths of the women and men adjoin, and have the same 
aspect ; in which case the same furnace and vessels will 
serve both. The caldrons over the furnaces are to be 
three in number, one for hot water, another for tepid 
water, and a third for cold water : and they must be so 
arranged, that the hot water which runs out of the heated 
vessel, may be replaced by an equal quantity fi'om the 
tepid vessel, which in like manner is supplied from the 
cold vessel, and that the arched cavities in which they 
stand may be heated by one fire. The floors of the hot 
baths are to be made as follows. First, the bottom is 
paved with tiles of a foot and a half inclining* towards 
the furnace, so that if a ball be thrown into it, it will 
not remain therein, but roll back to the mouth of the 
furnace ; thus the flame will better spread under the 
floor. Upon this, piers of eight inch bricks are raised, 
at such a distance from each other, that tiles of two feet 
may form their covering. The piers are to be two feet 
in height, and are to be laid in clay mixed with hair, on 
which the above-mentioned two feet tiles are placed, 
which carry the pavement. The ceilings, if of masonry, 
will be preferable ; if, however, they are of timber, they 
should be plastered on the under side, which must be 
done as follows. Iron rods, or arcs, are prepared and 
suspended by iron hooks from the floor as close as pos- 
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sible. These rods or arcs are at such distances from 
each other, that tiles, without knees, may rest on and be 
borne by every two ranges, and thus the whole vaulting 
depending on the iron may be perfected. The upper parts 
of the joints are stopped with clay and hair. The under 
side towards the pavement is first plastered with pounded 
tiles and, lime, and then finished with stucco or fine plas- 
tering. If the vaulting of hot baths is made double it 
will be better, because the moisture of the steam cannot 
then affect the timber, but will be condensed between 
the two arches. The size of baths must depend on the 
number of persons who frequent them. Their propor- 
tions are as foUow : their width is to be two-thirds of 
their length, exclusive of the space round the bathing 
vessel (schola labri) and the gutter round it (alveus). 
The bathing vessel (labrum) should be lighted from 
above, so that the bye standers may not cast any shadow 
thereon, and thereby obstruct the light. The schola labri 
ought to be spacious, so that those who are waiting for 
their turn may be properly accommodated. The width of 
the alveus between the wall of the labrum and the 
parapet must not be less than six feet, so that it may be 
commodious after the reduction of two feet, which are 
allotted to the lower step and the cushion. The laconi- 
cum and sudatories are to adjoin the tepid apartment, 
and their height to the springing of the curve of the 
hemisphere is to be equal to their width. An opening is 
left in the middle of the dome from which a brazen 
shield is suspended by chains, capable of being so 
lowered and raised as to regulate the temperature. It 
should be circular, th&t the intensity of the flame and 
heat may be equally diffused from the centre throughout. 
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CHAPTER XI. 

OF THE PALiSSTRA. 

Though not used by the people of Italy, it seems proper 
that I should explain the form of the palaestra, and 
describe the mode in which it was constructed by the 
Greeks. The square or oblong peristylia of paleestrae, 
have a walk round them which the Greeks call StavXos, 
two stadia in circuit : three of the sides are single por- 
ticos : the fourth, which is that on the south side, is to 
be double, so that when showers fall in windy weather, 
the drops may not drive into the inner part of it. In the 
three porticos are large recesses (exedrae) with seats 
therein, whereon the philosophers, rhetoricians, and 
others who delight in study, may sit and dispute. In the 
double portico the following provision is to be made : 
the ephebeum is to be in the middle, which is in truth 
nothing more than a large exedra with seats, and longer 
by one-third than its width, on the right is the coriceum, 
immediately adjoining which is the conisterium, near 
which, in the angle of the portico, is the cold bath, 
which the Greeks call Xxn/rpov. On the left of the ephe- 
beum is the eleeothesium, adjoining that is the frigida- 
rium, whence a passage leads to the propigneum in the 
angle of the portico. Near, but more inward, on the 
side of the fiigidarium, is placed the vaulted sudatory, 
whose length is double its width ; on one side of this is 
the laconicum, construeted as before described : on the 
other side is the hot bath. The peristylia of the palaestra 
are to be carefully set out as above mentioned. Ex- 
teriorly three porticos are constructed, one through 
which those who come out of the palaestra pass ; and 
stadial ones on the right and left, of which, that to- 
wards the north is double, and of considerable width. 
The other is single, and so formed that as well on 
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the side next the wall, as on that where the columns 
stand, there are margins for paths of not less than 
ten feet, the centre part is sunk one foot and a half from 
the path, to which there is an ascent of two steps ; the 
sunken part is not to be less than twelve feet in width. 
Thus, those who in their clothing walk round the paths, 
will not be incommoded by the anointed wrestlers who. 
are practising. This species of portico is called xystus 
(fwTos) by the Greeks ; for the wrestlers exercise in 
covered stadia in the winter time. Xysti ought, between 
the two porticos, to have groves or plantations, with 
walks between the trees and seat of cemented work. On 
the sides of the xystus and double portico are open 
walks which the Greeks call TrcpcSpofiiScs, but with us 
they are termed xysti, on which the athletsB exercise 
themselves, when the weather is fine, in the winter. 
Behind the xystus the stadium is set out, of such dimen- 
sions that a great number of people may commodiously 
behold the contending wrestlers. I hiave now given rules 
for the proper distribution of such buildings as are 
within the walls. 



CHAPTER XIL 

OF HAKBOUES AND OTHEB BUILDINGS IN WATEB. 

I MUST not omit to speak of the formation of harbours, 
but explain in what manner ships are secured therein in 
stormy weather. If they are naturally well situated, 
and have rocks or long promontories jutting out, which 
from the shape of the place, form curves or angles, they 
are of the greatest utility; because, in that case, nothing 
more is necessary than to construct porticos and arsenals 
round them, or passages to the markets ; and then erect 
a tower on each side, wherefrom chains may be sus- 
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pended across by means of machinery. But, if the 
place be not thus fitted by nature, nor secure for 
ships in stormy weather, and there be no river there to 
prevent it, but on one side there is a proper shore, then 
on the other side, by means of building or heaps of 
stones, a projection is run out, and in this the enclosures 
of harbours are formed. Building in the sea is thus 
executed. That powder is procured, which is found in 
the country between CumsB and the promontory of 
Minerva, and is mixed with the water in the propor- 
tion of two parts thereof to one of lime. Then, in the 
place selected, dams are formed in the water, of oaken 
piles tied together with chain pieces, which are driven 
firmly into the bottom. Between the ranges of piles, 
below the level of the water, the bed is dug out and 
levelled, and the work carried up with stones and 
mortar, compounded as above directed, till the wall fills 
the vacant space of the dam. If, however, from the 
violence of the waves and open sea the dams cannot be 
kept together, then on the edge of the main land, a 
foundation for a wall is constructed of the greatest 
possible strength ; this foundation is laid horizontally 
throughout, rather less than half its length ; the re- 
mainder, which is towards the shore, is made to over- 
hang. Then, on the side towards the water, and on the 
flanks round the foundation, margins, projecting a foot 
and a half, are brought up to the level already men- 
tioned. The overhanging part is filled up underneath 
with sand, brought up level with the foundation. On the 
level bed thus prepared, as large a pier as possible is 
built, which must remain for at least two months to set. 
The margin which incloses the sand is then removed, 
and the sand being washed away by the action of the 
waves causes the fall of the mass into the sea, and by a 
repetition of this expedient the work may be carried 
forward into the sea. When the place does not afford 
the powder named, the following method is to be adopted. 
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Double dams are constructed, well connected with 
planks and chain pieces, and the cavity between them is 
filled up with clay and marsh weeds well rammed down. 
When rammed down and squeezed as close as possible, 
the water is emptied out with screw pumps or water 
wheels^ and the place is emptied and dried, and the 
foundations excavated. If the bottom be of loose tex- 
ture, it must be dug out till a solid bottom is come to, 
wider than the wall about to be erected, and the wall is 
then built of stone, lime, and sand. But if the bottom 
be very soft, alder, olive, or oak piles, previously charred, 
must be driven, and the intervals between them filled 
with charcoal, as directed above for the foundations of 
theatres and walls. The wall is then raised with square 
stones, the joints of which are to be as long as possible, 
in order that the middle stones may be well tied in. 
The inside of the wall is then filled with rubble or ma- 
sonry; and on this, even a tower might be erected. 
When this is completed, the arsenals are to be con- 
structed chiefly with a northern aspect ; for if they are 
to the south, tlie heat will generate and nourish the rot, 
the worm, the ship worm, and other noxious insects ; 
and timber should be sparingly used in these buildings 
on account of fire. No rule can be given for the size, 
but they must be suited to receive the largest ships, so 
that, if drawn ashore, there may be plenty of room for 
them. In* this book, as far as it has occurred to me, I 
have treated of the public buildings necessary for the 
use of a city : in that following, I shall treat of the con- 
venience and symmetry of private houses. 
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INTRODUCTION. 

AmsTippTjs, the Socratic philosopher, shipwrecked on the 
coast of Bhodes, perceiving some geometrical diagrams 
thereon, is reported to have exclaimed to his companions, 
**Be of good courage, I see marks of civilization:" and 
straightway making for the city of Bhodes, he arrived at 
the Gymnasium ; where, disputing on philosophical sub- 
jects, he obtained such honours, that he not only pro- 
vided for himself, but furnished clothing and food to 
his companions. When his companions had completed 
their arrangements for returning home, and asked what 
message he wished to send to his friends, he desired them 
to say : that the possessions and provision to be made 
for children should be those which can be preserved in 
case of shipwreck ; inasmuch as those things are the real 
supports of life which the chances of fortune, the changes 
of public affairs, and the devastation of war, cannot in- 
jure. Thus, also, Theophrastus, follbwing up the senti- 
ment that the learned ought to be more honoured than 
the rich, says, " that the learned man is the only person 
who is not a stranger in foreign countries, nor friendless 
when he has lost his relations; but that in every state he 
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is a citizen, and that he can look upon a change of fortune 
without fear. But he who thinks himself secured by the 
aid of wealth, and not of learning, treads on slippery 
ground, and leads an unstable and insecure life." Epi- 
curus also says, that fortune is of little assistance to the 
wise, since all that is of consequence or necessary may 
be obtained by the exercise of the mind and understand- 
ing. The poets, not less than the philosophers, have 
argued in tiiis way ; and those who formerly wrote the 
Greek comedies delivered the same sentiments in verse ; 
as Euchrates, Chionides, Aristophanes, and above all, 
Alexis, who said, that the Athenians deserved particular 
conmiendation, since, inasmuch as the laws of all the 
Greeks'make it imperative on children to support their pa- 
rents, those of the Athenians are only obligatory on those 
children who have been instructed, by the care of their 
parents, in some art. Such as possess the gifts of fortune 
are easily deprived of them : but when learning is once 
fixed in the mind, no age removes it, nor is its stability af- 
fected during the whole course of life. I therefore feel my- 
self under infinite obligations, and am grateful to my 
parents, who, adopting the practice of the Athenians, took 
care that I should be taught an art, and one of such a nature 
that it cannot be practised without learning and a general 
knowledge of the sciences. Since, then, by my parents* 
care, and by the instruction of masters, I had the means 
afforded me of acquiring knowledge, and was naturally 
delighted with literary and philosophical subjects, I laid 
up those stores in my mind, from the use of which I 
enjoy the advantage of wanting no more, and the value 
of riches consists in having nothing to wish for. But 
some thinking, perhaps, lightly of these things, suppose 
those only are wise who have plenty of money. Hence, 
many, aiming at that end alone, have, by the aid of their 
assurance, acquired notoriety from their riches. But I, 
CsBsar, have not sought to amass wealth by the practice 
of my art, having been rather contented with a small 
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fortune and repntation, than desirons of abundance ac- 
companied by a want of reputation. It is true that I have 
acquired but little ; jet I still hope, by this publication, 
to become known to posterity. Neither is it wonderful 
that I am known but to a few. Other architects canvass, 
and go about soliciting employment, but my preceptors 
instilled into me a sense of iJie propriety of being re- 
quested, and not of requesting, to be entrusted, inasmuch 
,the ingenuous man will blush and feel shame in asking a 
favour ; for the givers of a fevour and not the receivers, 
are courted. What must he suspect who is solicited by 
another to be entrusted with the expenditure of his money, 
but that it is done for the sake of gain and emolument. 
Hence the ancients entrusted their works to those archi- 
tects only who were of good family and well brought up; 
thinking it better to trust the modest, than the bold and 
arrogant, man. These artists only instructed their own 
children or relations, having regard to their integrity, so 
that property might be safely committed to their charge. 
When, therefore, I see this noble science in the hands of 
the unlearned and unskilful, of men not only ignorant of 
architecture, but of every thing relative to buildings, I 
cannot blame proprietors, who, relying on their own in- 
telligence, are their own architects ; since, if the business 
is to be conducted by the unskilful, there is at least more 
satisfaction in laying out money at one's own pleasure, 
rather than at that of another person. No one thinks of 
practising at home any art (as that of a shoemaker or 
fuller, for instance, or others yet easier) except that of an 
architect; and that because many who profess the art 
are not really skilled in it, but are falsely called architects. 
These things have induced me to compose a treatise on 
architecture and its principles, under an idea that it* 
would be acceptable to alL persons. As in the fifth book 
I treated on the construction of public works, I shall in 
this ei^lain the arrangement and symmetry of private 

buildings. 
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CHAPTER I. 

OF THE SITUATION OF BUILDINGS ACCORDING TO 
THE NATURE OF DIFFERENT PLACES. 

These are properly designed, when due regard is had to 
the country and climate in which they are erected. For 
the method of building which is suited to Egypt would, 
be very improper in Spain, and that in use in Fontns 
would be absurd at Home : so in other parts of the 
world a style suitable to one climate, would be very un- 
suitable to another ; for one part of the world is under 
the sun's course, another is distant from it, and another, 
between the two, is temperate. Since, therefore, from 
the position of the heaven in respect of the earth, from 
the inclination of the zodiac and from the sun's course, 
the earth varies in temperature in different parts, so the 
form of buildings must be varied according to the tem- 
perature of the place, and the various aspects of the 
heavens. In the north, buildings should be arched, en- 
closed as much as possible, and not exposed, and it seems 
proper that they should face the warmer aspects. Those 
under the sun's course in southern countries where the 
heat is oppressive, should be exposed and turned towards 
the north and east. Thus the injury which nature would 
effect, is evaded by means of art. So in other parts, 
due alLowance is to be made, having regard to their posi- 
tion, in respect of the heavens. This, however, is 
determined by consideration of the nature of the place 
and observations made on the limbs and bodies of the 
inhabitants. For where the sun acts with moderate heat, 
it keeps the body at a temperate warmth, where it is hot 
from the proximity of the sun, all moisture is dried up ; 
lastly, in cold countries which are distant from the south, 
the moisture is not drawn out by the heat, but the dewy 
air, insinuating its dampness into the system, increases 
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the size of the body, and makes the voice more grave. 
This is the reason why the people of the north are so 
large in stature,^ so light in complexion, and have straight 
red hair, blue eyes, and are full of blood, for they are 
thus formed by the abundance of the moisture, and 
the coldness of their country. Those who live near 
the equator, and are exactly under the sun's course, 
are, owing to its power, low in stature, of dark cam- 
pleidon, with curling hair, black eyes, weak legs, deficient 
in quantity of blood. And this deficiency of blood 
makes them timid when opposed in battle, but they bear 
excessive heat and fevers without fear, because their 
limbs are nourished by heat. Those, however, bom in 
northern countries are timid and weak when attacked by 
fever, but from their sanguineous habit of body more 
courageous in battle. The pitch of the voice is various, 
and of different qualities in different nations. For the 
eastern and western boundaries round the level of the 
earth, where the upper is divided from the under part of 
the world, and the earth appears to be balanced by na- 
ture, are designated by a circle which mathematicians 
call the horizon ; keeping this circumstance in mind, from 
the edge on the northern extremity, let a line be drawn 
to that above the southern axis, and therefirom another 
in an oblique direction up to the pole near the northern 
stars, and we shall immediately perceive the principle of 
the triangular instrument called by the Greeks a-a/ifivicrf. 
Thus the people who live in the region near the lower 
point, that is in the southern pant towards the equator, 
from the small elevation of the pole have shrill and high 
toned voices similar to those on the instrument near the 
angle ; next come those whose tone of voice is of lower 
pitch, such as the people in the central parts of Greece. 
Thus, proceeding by degrees from the middle to the 
northern extremity, the voice of the inhabitants gradually 
becomes of lower pitch. Herein we may perceive how 
the system of the world is harmonically arranged, by 
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the obliquity of the zodiac from the appropriate tem- 
perature of the sun. Hence those who are in the 
middle, between the equator and the pole, are gifted 
with a middle pitch of voice, similar to the tones in the 
central part of the musical diagram. Advancing to the 
northern nations, where the pole is more elevated, the 
people, from an increased quantity of moisture, naturally 
possess lower toned voices, similar to the hypate and 
proslambanomenos. And finally, those nations extend- 
ing from the middle regions to the south have shrill and 
acute voices similar to the tones of paranete and nete. 
That the tone of the voice is rendered deeper by the 
damp nature of a place, and higher by its being of a hot 
nature, may be proved by the following experiment. Let 
two vases be selected, both equally baked in a furnace, 
of equal weight, and yielding the same tone, and one of 
them be immersed in water and then taken out : let hoih 
of them be then struck, and a great difference will be 
perceived in the tones they yield, as well as an inequality 
in their weight. Thus it is with the human body ; for 
although all men are bom of the same form, and under 
the same heaven, yet some from the warmth of the 
climate are shrill in voice, and others from a super- 
abundance of moisture have a low tone of voice. So 
moreover, from the clearness of the atmosphere, aided 
also by the intense heat, the southern nations are more 
ready and quick in expedients : but the northern nations, 
oppressed by a gross atmosphere, and cooled by the 
moisture of the air, are of duller intellect. That this is 
so, may be proved from the nature of serpents, which in 
the hot season, when the cold is dispelled by the heat, 
move with great activity, but in the rainy and winter 
seasons, from the coldness of the air, they become torpid. 
Hence it is not surprising that man's intellect should be 
sharpened by heat and blunted by a cold atmosphere. 
Though, however, the southern nations are quick in un- 
derstanding, and sagacious in council, yet in point of 
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valour they are inferior, for the sun absorbs their animal 
spirits. Those, on the contrary, who are natives of cold 
climates are more courageous in war, and fearlessly at- 
tack their enemies, though, rushing on without consider- 
ation or judgment, their attacks are repulsed and their 
designs frustrated. Since then, nature herself has pro- 
vided throughout the world, that all nations should differ 
according to the variation of the climate, she has also 
been pleased that in the middle of the earth, and of all 
nations, the Eoman people should be seated ; on this ac- 
count the people of Italy excel in both qualities, strength 
of body and vigour of mind. For as the planet Jupiter 
moves through a temperate region between the fiery 
Mars and icy Saturn, so Italy enjoys a temperate and 
unequalled climate between the north on one side, and 
the south on the other. Hence it is, that by strata- 
gem she is enabled to repress the attacks of the bar- 
barians, and by her strength to overcome the subtilty of 
southern nations. Divine providence has so ordered it 
that the metropolis of the Eoman people is placed in an 
excellent and temperate climate, whereby tiiey have 
become the masters of the world. Thus, as it is climate 
which causes the variety in different countries, and the 
dispositions of the inhabitants, their stature and qua- 
lities being naturally dissimilar, there can be no doubt 
that the arrangement of buildings should be suitable to 
the qualities of the nations and people, as nature herself 
wisely and clearly indicates. To the best of my power 
I have made general observations on the properties of 
places as dependent upon nature, and I have given ex- 
planations for adapting buildings to the wants of different 
nations according to the sun's course and the inclination 
of the pole. I shall now, therefore, briefly explain the 
symmetry, as well of the whole, as of the detail of 
private dwellings. 
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CHAPTEK n. 

OF THE PROPORTIONS OF PRIVATE BUILDINGS TO 
SUIT THE NATURE OF THEIR SITES. 

Nothing requires the architect's care more than the due 
proportions of buildings. When the proportions are ad- 
justed, and. the dimensions found by calculation, then 
it is the part of a skilful man to consider tiie nature of 
the place, the purpose of the building, and the beauty of 
it ; and either by diminutions or additions to find expe- 
dients, by means of which the appearance may not be 
injured by the additions to, or diminutions of, the esta- 
blished proportions that may be necessary. For an 
object under the eye will appear veiy different from the 
same object placed above it ; in an inclosed space, very 
different i&'om the same in an open space. In all these 
matters it requires great judgment to adopt tiie proper 
means, since the eye does not always form to itself the 
true image of an object, and the mind is often deceived 
by the false impression. Thus in painted scenery, 
though the surface is a perfect plane, the columns seem 
to advance forward, the projections of the mutuli are re- 
presented, and figures seem to stand out. The oars of 
ships, also, though the parts immersed in llie water are 
really straight, have the appearance of being broken ; 
those parts only appearing straight which are above the 
level of the water. This arises from the part immersed 
in the water reflecting its image in an undulating state 
up to the surface of the water, through a transparent 
medium, which, being there agitated, gives the oar a 
broken appearance. But whether the sight arises from 
the impression which images make on the eye, or by an 
effusion of visual rays from the eye, as naturalists cdSa- 
tend, it is certain that, in some way or other, the eye is 
often deceived. Since, then, some images are falsely 
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conveyed, and others appear different from what they 
really are, I think it beyond doubt, that, according to 
nature and the circumstances of the place, diminutions 
or additions should be made, so that no defect may be 
apparent. To do this, however, is the result of genius, 
not the result of learning. The proportion of the sym- 
metries is, therefore, to be first settled, in such manner 
that thereon the necessary changes may be made with cer- 
tainty. Then the length and breadth of the plan of the 
work is to be set out, and the parts thereof; after which, 
the proportions are adjusted as propriety requires, so 
that the pleasing arrangement may not be disturbed. 
The method of effecting this I am now about to describe, 
and shall begin with the court (cavaBdium). 



CHAPTER ni. 

OF COURTS (CAViEDIA). 

Thebb are five species of courts ; which receive their 
names from their forms. The Tuscan, Corinthian, the 
Tetrastylon (with four columns), the Bispluviatum (open 
at top), and the Testudinatum (roofed). . The Tuscan 
cavsedia are those in which the beatns across the breadth 
of the court have trimmers (intexpensiv^) to them, and 
valleys (colliquise) from the internal angles. of the walk 
to the angles formed by the junctions of the beams and 
trimmers. Thus the rain falls into the middle of the 
court from the eaves of the rafters. In the Corinthian 
caveedium, the beams and uncovered middle of the court 
(compluvium) are as in the foregoing ; but the beams 
jiround are detached from the walls, and rest on columns. 
The tetrastyle are those wherein colunms are placed un- 
der the beams at the angles, which give strength and 
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support to the beams ; for thus they are not so liable to 
sag with their own weight, nor are they loaded by the 
trimmers. The displuviatum is that in which the water 
is carried off above the gutter plates (deliquisB), which 
support the body of the roof. These are useful for 
winter apartments, because the compluvium being up- 
right, the light of the triclinia is not obstructed. But 
they are constantly in want of repair; for the pipes 
which receive the water from the eaves being against the 
walls, and not capable of taking, at once, the water which 
should be carried off, it overflows from the check it 
meets, and injures the wood-work and walls in this sort 
of buildings. The roofed court is used when the span 
is not great, and large dwelling-rooms are made in the 
floor over it. 



CHAPTER IV. 

OF COURTS (ATRIA), WINGS OR AISLES (AL^E), THE 
TABLINUM AND THE PERISTYLIUM. 

The length and breadth of courts (atria) are regulated 
in three ways. The first is, when the length is divided 
into five parts, and three of them are given to the width. 
The second, when it is divided into three parts, and two 
are given to the width. The third is, when a square 
being described whose side is equal to the width, a 
diagonal line is drawn therein, the length of which is to 
be equal to the length of the atrium. Their height, to 
the underside of the beams, is to be one-fourth less than 
the length; the remaining fourth is assigned for the 
proportion of the lacunaria and roof above the beams. 
The width of the al8B, on the right and left, when the 
atrium is from thirty to forty feet long, is to be one-third 
part thereof. From forty to fifty feet, the length must 
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be divided into three parts and a half; of these, one is 
given to the alae : hut when the length is from fifty to 
sixty feet, a fourth part thereof is given to the alee. 
From sixty to eighty feet, the length is divided into four 
parts and a half, of which one part is the width of the 
alee. From eighty feet to one hundred, the length is 
divided into five parts, and one of them is the true width 
of the alee. The lintel beams (trabes liminares) are 
placed at a height which will make the breadths and 
heights equal. The muniment room (tablinum), if the 
width of Uie atrium be twenty feet, is to be two-thirds 
thereof. If from thirty to forty feet wide, one-half is 
assigned to the tablinum. From forty to sixty feet, the 
width is divided into five parts, and two given to the 
tablinum. The proportions of small atria cannot be the 
same as those of large ones ; for if the proportions of 
the smaller be used in the greater, the tablinum, as well 
as the alee, would be inconvenient : and if those of the 
larger be used in the smaller, their parts would be large 
and clumsy. I therefore thought it right to describe, 
with precision, their respective proportions, so that they 
might be both commodious and beautiful. The height 
of the tablinum to the beam is one-eighth part more 
than the breadth. The lacunaria are carried up one- 
third of the width higher. The passages (fauces) to- 
wards courts which are on a smaller scale, are to be 
one-third less than the width of the tablinum ; but if 
larger, they are to be one-half. The statues, with their 
ornaments, are to be placed at a height equal to the 
width of the alee. The proportions of the height and 
width of doors, if Doric, are to be formed in that me- 
thod : if Ionic, according to the Ionic mode, agreeably 
to the rules given for doors in the fourth book. The 
width of the uncovered part of the atrium (impluvii 
lumen) is not to be less than a fourth nor more than 
one-third of its width ; its length, however, will be 
in proportion to that of the atrium. The cloister (peri- 



138 

stylimn) is diagonally one-third part longer tlian wide. 
The columns are to he as high as the width of the por- 
tico; and the intercolmnniations of the peristylia are 
not to he less than three nor more than four diameters 
of the columns. But if the columns of a peristylium 
are of the Doric order, modules are taken, and the 
triglyphs arranged therehy, as descrihed in the fourth 
hook. 



CHAPTER V. 

OF TRICLINIA, CECI, EXEDRffi, PINACOTHEC^ AKD 

THEIB DIMENSIONS. 

The length of a triclinium is to he douhle its hreadth. 
The height of all ohlong rooms is thus regulated : add 
their length and breadth together, of which take one 
half, and it will give the dimension of the height. If, 
however, exedrsB or oeci are square, their height is 
equal to once and a half their wi^th. Pinacothecee 
(picture rooms), as well as exedrse, should be of large 
dimensions. The Corinthian tetrastyle and Egyptian 
OBci (halls) are to be proportioned similarly to the tri- 
clinia, as above described ; but inasmuch as columns 
are used in them, they are built of larger dimensions. 
There is this difference between the Corinthian and 
Egyptian oecus. The former has a single order of 
columns, standing either on a podium or on the ground, 
and over it architraves and cornices, either of wood or 
plaster, and a semicircular ceiling above the cornice. 
In the Egyptian oecus, over the lower columns is an 
architrave, from which to the surrounding wall is a 
boarded and paved floor, so as to form a passage round 
it in the open air. Then perpendicularly over the 
architrave of the lower columns, columns one-fourth 
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smaller are placed. Above their architraves and cor- 
nices they are decorated with ceilings, and windows 
are placed between the tipper columns. Thus they 
have the appearance of basLLic8&> rather than of Co- 
rinthian triclinia. 



CHAPTEK VI. 

OF THE GBECIAN CECL 

(Egi are sometimes constructed differently from those of 
Italy; the Greeks call these KuCucqvoi. They face the 
north, with a prospect towards the gardens, and have 
doors in the middle. They are of such length and 
breadth that two tables (triclinia) with their accessories 
may stand in them opposite to each other. The windows, 
as well on the right as on the left, are to open like doors, 
so that the verdure may be seen through them whilst 
the guests recline on the couches. The height of them 
is equal to once and a half the width. In these apart- 
ments, convenience must regulate the proportions. If 
the windows are not obscured by high walls adjoining, 
they may be easily contrived. But if any impediment 
occur, either through nearness of adjoining buildings or 
other obstruction, some ingenuity and skill wiU be re- 
quisite to diminish or increase their established propor- 
tions, so as to produce a pleasing effect not apparently 
different therefrom. 
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CHAPTER Vn. 

OF THE PROPER ASPECTS OF DIFFERENT SORTS OF 

BUILDINGS. 

I SHALL now describe how the different sorts of build- 
ings are placed as regards their aspects. Winter triclinia 
and baths are to face the winter west, because the after- 
noon light is wanted in them ; and not less so because 
the setting sun casts its rays upon them, and by its heat 
warms the aspect towards the evening hours. Bed 
chambers and libraries should be towards the east, for 
their purposes require the morning light : in libraries 
the books are in this aspect preserved from decay; those 
that are towards the south and west are injured by the 
worm and by the damp, which the moist winds generate 
and nourish, and spreading the damp, make the books 
mouldy. Spring and autumn triclinia should be towards 
the east, for then, if the windows be closed till the sun 
has passed the meridian, they are cool at the time they 
are wanted for use. Summer triclinia should be towards 
the north, because that aspect, unlike others, is not 
heated during the summer solstice, but, on account of 
being turned away from the course of the sun, is always 
cool, and affords health and refreshment. Pinacothecse 
should have the same aspect, as well as rooms for em- 
broidering and painting, that the colours used therein, 
by the equability of the light, may preserve their bril- 
liancy. 
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CHAPTER VIII. 

OF THE FORMS OF HOUSES SUITED TO DIFFERENT 

RANKS OF PERSONS. 

The aspects proper for each part being appropriated, we 
must determine the situation of the private rooms for 
the master of the house, and those which are for general 
use, and for the guests. Into those which are private 
no one enters, except invited ; such are bed chambers, 
triclinia, baths, and others of a similar nature. The 
common rooms, on the contrary, are those entered by 
any one, even unasked. Such are the vestibule, the 
caveedium, the peristylia, and those which are for similar 
uses. Hence, for a person of middling condition in life, 
magnificent vestibules are not necessary, nor tablina, 
nor atria, because persons of that description are those 
who seek favours which are granted by the higher 
ranks. Those, however, who have to lay up stores that 
are the produce of the country, should have stalls and 
shops in their vestibules : under their houses they 
should have vaults (cryptee), granaries (horrea), store 
rooms (apothecse), and other apartments, suited rather to 
preserve such produce, than to exhibit a magnificent 
appearance. The houses of bankers and receivers of 
the revenue may be more commodious and elegant, and 
well secured from the attacks of thieves. For advocates, 
and men of literature, houses ought to be still hand- 
somer and more spacious, to suit the reception of per- 
sons on consultations. But for nobles, who in bearing 
honours, and discharging the duties of the magistracy, 
must have much intercourae with the citizens, princely 
vestibules must be provided, lofty atria, and spacious 
peristylia, groves, and extensive walks, finished in a 
magnificent style. In addition to these, libraries, pina- 
cothec£e, and basilic^e, of similar form to those which 
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are made for the public use, are to be provided ; for in 
the houses of the noble, the affairs of the public, and 
the decision and judgment of private causes are often 
determined. If, therefore, houses are erected, thus 
adapted to the different classes of society, as directed in 
the first book under the head of propriety, there will be 
nothing to reprehend, for they will be suitable to their 
destination. These rules are no less applicable to coun- 
try than to town dwellings, except that in town the atria 
must be close to the gates, whereas, in the country viUa, 
the peristylixmi is near the entrance, then the atrium, 
with paved porticos round it looking towards the palaestra 
and walk. I have thus briefly described the proportions 
of town residences as I promised. I shall now proceed 
to those of houses in the country, so that they may afford 
the requisite accommodation. 



CHAPTER IX. 
OF THE PROPORTIONS OF HOUSES IN THE COUNTRY. 

First of all the salubrity of the situation must be ex- 
amined, according to the rules given in the first book 
for the position of a city, and the site may be then 
determined. The size of a house should depend on 
the extent of the land attached to it, and its produce. 
The courts and their dimensions will be determined by 
the number of cattle, and the yokes of oxen employed. 
The kitchen is to be placed in the warmest part of the 
court ; adjoining to this are placed the stalls for oxen, 
with the mangers at the same time towards the fire and 
towards the east, for oxen with their faces to the light 
and fire do not become rough-coated. Hence it is that 
husbandmen, who are altogether ignorant of the nature 
of aspects, think that oxen shpuld look towards no other 
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region than that of the east. The widiii of the stalls 
shonld not be less than ten feet, nor more than fifteen ; 
lengthwise, each yoke is to be at least seven feet. The 
baths should be contiguous to the kitchen, for they will 
be then serviceable also for agricultural purposes. The 
press-room should also be near the kitchen, for the 
convenience of expressing the oil from the olive ; and 
near that the cellar, lighted from the north, for if it 
have any opening through which the heat of the sun can 
penetrate, the wine affected by the heat becomes vapid. 
The oil room is to be lighted from the southern and 
warmer parts of the heaven, that the oil may not be 
congealed, but be preserved liquid by means of a gentle 
heat. Its size must be proportioned to the quantity of 
fruit yielded on the estate, and the number of vessels, 
which, if of twenty amphorsa (cullearia), are about four 
feet diameter. The press, if worked by levers instead 
of screws, should occupy an apartment not less than 
forty feet long, so as to allow room for the revolution of 
the levers. Its width must not be less than sixteen feet, 
which will give ample room to turn and ei^edite the 
work. If two presses are employed, the width must be 
twenty-four feet. The sheep and goat houses are to be 
constructed so that not less than an area of four feet 
and a half, nor more than six feet, be allotted to each 
animal. The granaries are raised, and must be towards 
the north or east, so that the grain may not heat, but be 
preserved by the coolness of air; if towards other as- 
pects, the weevil, and other insects injurious to com, 
will be generated. The stable, especially in the villa, 
should be in the warmest place, and not with an aspect 
towards the fire, for if horses are stalled near a fire, 
their coats soon become rough. Hence those stalls are 
excellent which are away from the kitchen in the open 
space towards the east ; for when the weather is clear in 
the winter season, the cattle brought thither in the 
morning to feed, may be then rubbed down. The bam, 
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hay-room, meal room, and mill, may be without the 
boundaries of the villa, which will be thereby rendered 
more secure from fire. If villas are required to be 
erected of more magnificence than ordinary, they must be 
formed according to the proportions laid down for town 
houses above described, but with the precautions neces- 
sary to prevent the purposes of a country house being 
interfered with. Care should be taken that all build- 
ings are well lighted : in those of the country this point 
is easily accomplished, because the wall of a neighbour 
is not likely to interfere with the light. But in the city 
the height of party walls, or the narrowness of the situ- 
ation may obscure the light. In this ease we should 
proceed as follows. In that direction from which the 
light is to be received, let a line be drawn from the top 
of the obstructing wall, to that part where the light is to 
be introduced, and if, looking upwards along that line, a 
large space of open sky be seen, the light may be ob- 
tained from that quarter without fear of obstruction 
thereof; but if there be any impediment from beams, 
lintels, or floors, upper lights must be opened, and the 
light thus introduced. In short, it may be taken as a 
general rule, that where the sky is seen, in such part 
apertures are to be left for windows, so that the building 
may be light. Necessary as light maybe in triclinia and 
other apartments, not less is it so in passages, ascents, 
and staircases, in which persons carrying loads frequently 
meet each other. I have explained to the best of my 
ability the arrangement used in our buildings, so that it 
may be clearly known by builders; and in order that the 
Greek arrangement may be also understood, I shall now 
briefly explain it. 
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CHAPTER X. 

OF THE ARRANGEMENT AND PARTS OF GRECIAN 

HOUSES. 

The Greeks using no atrium, and not building as we do, 
make a passage, of no great breadth, from the entrance 
gate, on one side whereof the stable is placed, and on the 
other the porter's rooms, which immediately adjoin the 
inner gates. The space between the two gates, is, by the 
Greeks called OvpiopeZoy, From this you enter into the 
peristylium, which has a portico on three sides. On that 
side facing the south are two antse, at a considerable dis- 
tance apart, which carry beams, and the recess behind 
them is equal to one-third less than their distance from 
each other. This part is called irpoaras (prostas) by 
some, and by others Tropaaras (parastas). . Interior to 
this the great oecus is placed, in which the mistress of 
the family sits with the spinsters. On the right and left 
of the prostas are the bed-chambers, of which one is 
called the thalamus, the other the antithalamus. Bound 
the porticos are the triclinia for common use, the bed 
chambers, and other apartments for the family. This 
part of the building receives the name of Gynseconitis. 
Adjoining this is a larger house, with a more spacious 
peristylium, in which there are four porticos equal in 
height, though that towards the south may have higher 
cplumns. If a peristylium have one portico higher than 
the rest, it is called a Ehodian portico. These houses 
have magnificent vestibules, elegant -gates, and the por- 
ticos of the peristylia are decorated with stucco and 
plastering, and with inlaid ceilings. In the porticos to 
the north the cyziceni, triclinia, and pinacothecse, are 
situated. The libraries are on the east side, the exedrse 
on the west, and to the south are square oeci, of such am- 
ple dimensions that there is room therein for four tricli- 
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the foundations below, so that they may be on the solid 
part. For if the weight of the walls or the columns 
have a false bearing, they cannot last long. It is, more- 
over, a good practice to place posts under the lintels, 
between the piers and pilasters; for when lintels and 
beams are loaded, they sag in the middle, and cause 
fractures in the work above : but when posts are intro- 
duced and wedged up under them, the beams are pre- 
vented from sagging and being injured. Care also 
should be taken to discharge the weight of walls by 
arches consisting of wedges concentrically arranged ; for 
if these are turned over beams or lintels, the beam, 
being relieved from the weight, will not sag ; and when 
afterwards it is decayed through age, it may be easily 
replaced, without the necessity of shores. So in build- 
ings, which are constructed on piers and arches, consist- 
ing of wedges whose joints are concentric, the outer 
piers should be wider than the others, that they may 
have more poWer to resist the action of the wedges, 
which, loaded with the weight of the superincumbent 
wall, press towards the centre, and have a tendency to 
thrust out the abutments. But if the outer piers be of 
large dimensions, by restraining the power of the 
wedges they will give stability to the work. Having 
paid due attention to these points, care must next be 
taken, and particularly is it to be observed, that the work 
be carried up perpendicularly and without inclination in 
any part. The greatest attention must be bestowed on 
the lower parts of the walls, which are often damaged by 
the earth lying against them. This is not always of the 
same weight as in summer ; for in the winter season, 
imbibing a great quantity of water from the rain, it in- 
creases in weight and bulk, and breaks and extrudes the 
walls. To remedy this evil, the thickness of the wall 
must be proportioned to the weight of earth against it, 
and, in front, counterforts (anterides) or buttresses 
(erismee) are carried up with the wall, at a distance from 
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each other equal to the height of the foundations, and of 
the same width as the foundations. Their projection at 
bottom is equal in thickness to the wall, and diminishing 
as they rise, their projection at top is equal to the thick- 
ness of the work : adjoining the inside of the wall, to- 
wards the mass of ground, teeth similar to those of a 
saw are constructed, each of which projects from the 
wall a distance equal to the height of the foundations, 
and their thickness is to be equal to that of the founda- 
tion waU. An extent equal to the height of the founda- 
tions is taken at the outer angles, and marked by points 
on each side ; and through these a diagonal is drawn, on 
which a wall is carried up, and from the middle of this 
another is attached to the angle of the waU. The teeth 
and diagonal waUs being thus constructed, will discharge 
the weight of earth from the wall, by distributing its 
pressure over a large surface. Thus I have described 
the precautions to be taken at the beginning of a 
building, to prevent defects. The same importance 
does not attach to the roof, with its beams and rafters, 
because if these at any time are found defective, they 
may be easily changed. I have also explained how those 
parts which are not built solid ai*e to be strengthened. 
The quality of the materials it is not in the power of the 
architect to control : for the same species of materials are 
not found in every place ; and it depends on the em- 
ployer whether the building shall be of brick, of rough 
stone, or of squared stone. The merit of every work is 
considered under three heads; the excellence of the 
workmanship, and the magnificence and design thereof. 
When a work is conducted as magnificently as possible, 
its cost is admired ; when well built, the skill of the 
workman is praised ; when beautifully, the merit belongs 
to the architect, on account of the proportion and S3rm- 
metry which enter into the design. These will ever be 
apparent when he submits to listen to the opinions even 
of workmen, and ignorant persons. For other men, as 
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wen u architecte, can disdngiuBh the good from the 
bad ; but between the ignorant man and the architect 
there is this difference, that the first can form do judg- 
ment till he sees the thing itself; whereas the architect, 
having a perfect idea in his mind, cau perceive the 
beanly, convenience, and proprie^ of his design, before 
it is begun. I have laid down as clearly as I conld the 
roles necesBSry for the construction of private bnildings : 
in the following book I shall treat of the method of 
finishing them, so that they may be elegant and 
durable. 
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BOOK THE SEVENTH. 



INTRODUCTION. 

The ancients by means of writing established tlie wise 
and useful practice of banding down to posterity their 
sentiments on different subjects, so that not only those 
might not be lost, but that by their works continually 
increasing, a gradual advancement might be made to the 
highest point of learning. Our obligations to them 
therefore are great and many, from their not having sul- 
lenly kept their knowledge to themselves, but on the 
contrary, having recorded their opinions on every sub- 
ject Had they omitted to do this, we should not have 
known what happened in Troy, nor the sentiments of 
Thales, Democritus, Anaxagoras, Xenophanes, and other 
physiologists respecting the nature of things ; nor the 
system of ethics laid down by Socrates, Plato, Aristotle, 
Zeno, Epicurus, and other philosophers. Of the actions 
of Croesus, Alexander, Darius, and other kings, and the 
principles on which they acted, we should have been un- 
informed, unless the ancients had handed them down to 
posterity in their writings. As we are indebted to these) 
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so we are on the contrary bound to censure those, who, 
borrowing from others, publish as their own that of which 
they are not the authors ; not less are they censurable, 
who, distorting the meaning of an author, glory in their 
perversion of it; indeed they deserve punishment for 
their dishonest conduct. It is said that this practice was 
strictly punished by the ancients ; I do not therefore think 
it foreign to the purpose to relate from history the result 
of some examples made by them. The Attaiie kings, 
stimulated by their great love for philology, having 
established an excellent public library at Pergamus, 
Ptolemy, actuated by zeal and great desire for the fur- 
therance of learning, collected with no less care, a simi- 
lar one for the same purpose at Alexandria, about the 
same period. When by dint of great labour he had com- 
pleted it, he was not satisfied, unless, like the seed of the 
earth, it was to go on increasing. He therefore insti- 
tuted games to the Muses and ApoUo, and in imitation of 
those in which wrestlers contended, he decreed rewards 
and honours to the victorious in literature. These being 
established, when the time of the games arrived, learned 
judges were to be selected for the decisions. The king 
having chosen six, and not readily finding a seventh, 
applied to those persons who had the care of the library, 
to ascertain whether they knew any one fit for the pur- 
pose. They told him that there was a certain man 
named Aristophanes, who with great labour and applica- 
tion was day after day reading through the books in the 
library. At the celebration of the games, Aristophanes 
was summoned and took his seat among those allotted 
for the judges. The first that contended were the 
poets, who recited their compositions, and the people 
unanimously signified to the judges the piece which 
they preferred. When the judges were required to 
decide, six of them agreed to award the first prize to 
him who had most pleased the multitude, and the 
second prize to some other candidate. The opinion of 
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Aristophanes being required, he observed that the best 
poet had pleased the people the least. The king and 
the whole multitude expressed their great indignation at 
this opinion, but he rose and besought that they would 
allow him to speak. Silence being obtained, he told 
them that one only of the competitors was a poet, that 
the others had recited other men's compositions, and 
that the judges ought not to decide upon thefts but upon 
compositions. The people were astonished, and the 
king in doubt ; but Aristophanes relying on his memory, 
quoted a vast number of books on certain shelves in the 
library, and comparing them with what had been recited, 
made the writers confess that they had stolen from 
them. The king then ordered them to be proceeded 
against for the theft, and after their condemnation dis- 
missed them with ignominy. Aristophanes, however, 
was honoured with great rewards, and appointed libra- 
rian. Some time afterwards Zoilus of Macedonia, who 
assumed the cognomen of Homeromastix, came to Alex- 
andria, and recited before the king his compositions in 
derogation of the Iliad and Odyssey. When Ptolemy 
perceived that the father of poetry and all philology, 
whose works are in esteem throughout all nations, was, 
because out of the reach of reply, abused by this man, 
he was enraged and did not deign to answer him. 
Zoilus, however, remaining some time longer in the 
country, oppressed with poverty, besought the king to 
bestow something on him. The king is said to have 
answered, that Homer, who had been dead more than a 
thousand years, had been the means during that period 
of affording a livelihood to thousands ; that he, there- 
fore, who boasted that he possessed greater talent, 
ought to be able to support, not only himself, but many 
other persons. Having been condemned as a parricide, 
his death is variously related. Some have written that 
he was crucified by Philadelphus, some that he was 
stoned at Chios, others that he was burnt alive at 

h3 
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Smyrna. Whichever of these circnmstances occurred he 
richly deserved it, for that person does not seem to have 
merited a better fate, who reflects on those that are 
beyond the reach of hearing and explaining what is said 
of their writings. I, therefore, Csesar, do not publish 
this work, merely prefixing my name to a treatise which 
of right belongs to others, nor think of acquiring repu- 
tation by finding fault with the works of any one. On 
the contrary, I own myself under the highest obligations 
to all those authors, who by their great ingenuity have 
at various times on different subjects, famished us with 
copious materials ; from which, as from a fountain, con- 
verting them to our own use, we are enabled to write 
more fully and expediently, and, trusting to whom we are 
prepared to strike out something new. Thus adhering 
to the principles which I found in those of their works 
adapted to my purpose, I have endeavoured to advance 
further. Agatharcus, at the time when iiEschylus taught 
at Athens the rules of tragic poetry, was the first who 
contrived scenery, upon which subject he left a treatise. 
This led Democritus and Anaxagorus, who wrote thereon, 
to explain how the points of sight and distance ought 
to guide the lines, as in nature, to a centre ; so that by 
means of pictorial deception, the real appearances of 
buildings appear on the scene, which, painted on a fiat 
vertical surface, seem, nevertheless, to advance and 
recede. Silenus afterwards produced a treatise on the 
symmetry of Doric buildings ; Theodoras, on the Doric 
temple of Jupiter in Samos ; Ctesiphon and Metagenes, 
on that of the Ionic order in the temple of Diana at 
Ephesus. Phileos wrote a volume on the Ionic temple 
of Minerva at Priene, and Ictinus and Carpion on the 
Doric temple of Minerva at Athens, on the Acropolis ; 
Theodoras Phoceus on the vaulted temple at Delphi ; 
Philo on the S3rmmetry of temples, and on the arsenal at 
the Piraeus ; Hermogenes on the Ionic pseudodipteral 
temple at Magnesia, and the monopteral one of Father 
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Bacchus at Teos. Argelius wrote on the proportions of 
huildings of the Corinthian order, and on the Ionic 
temple of ^scnlapius at Tralles, which he is said to 
have built. Satyrus and Phyteus, who were extremely 
fortunate, wrote on the Mausoleum, as did some also 
whose talents have been admired in all ages, and who 
have gained lasting reputation. Each front of it 
was assigned to a separate artist, to ornament and 
thereon try his skill. Those employed were Leochares, 
Bryaxes, Scopas, and Praxiteles ; some say that Timo- 
theus was employed. The great art displayed by these 
men, caused this work to be ranked among the seven 
wonders. Besides these, many of less celebrity have 
written precepts on proportions, as Nexaris, Theocydes, 
Demophilos, PoUis, Leonides, Silanion, Melampus, Sar- 
nacus, and Euphranor. Many on mechanics, as Cliades, 
Archytas, Archimedes, Ctesibius, Nymphodorus, Philo 
Byzantius, Diphilus, Democles, Oharidas, Polyidus, 
Phyros, Agesistratus. From the commentaries of these, 
what I thought useful I have thrown together, and that 
the more especially because I observe that on this 
branch the Greeks have published much, and our own 
countr3anen very little. Fussitius, however, and he was 
the first, produced an excellent work on the subject. 
Terentius Varro, in his work on the nine sciences, in- 
cludes one on architecture. Publius Septimius wrote 
two. Besides these, I do not recollect any one that up 
to this time has written, though we have formerly pro- 
duced great architects, and such as were well qualified 
to have written with elegance. In fact the foundations 
of the temple of Jupiter Olympius at Athens were pre- 
pared by Antistates, CallsBschrus, Antimachides and 
Porinus, architects employed by Pisistratus, after whose 
death, on account of the troubles which affected the 
republic, the work was abandoned. About two hundred 
years afterwards, king Antiochus, having agreed to 
supply the money for &e work, a Roman citizen, named 
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Cossutius, designed with great skill and taste the cell, 
the dipteral arrangement of the columns, the cornices, 
and other ornaments. This work is not only universally 
esteemed, hut is accounted one of the rarest specimens 
of magnificence. For in four places only are the tem- 
ples embellished with work in marble, and from that 
circumstance the places are very celebrated, and their 
excellence and admirable contrivance is pleasing to the 
gods themselves. The first is the temple of Diana at 
Ephesus, of the Ionic order, built by Otesiphon of 
Gnosus, and his son Metagenes, afterwards completed 
by Demetrius, a priest- of Diana, and Pseonius, the 
Ephesian. The second is the temple of Apollo, at 
Miletus, also of the Ionic order, built by the above- 
named Pseonius, and Daphnis, the Milesian. The third 
is the Doric temple of Ceres and Proserpine, at Eleusis, 
the cell of which was built by Ictinus, of extraordinary 
dimensions, for the greater convenience of the sacrifices, 
and without an exterior colonnade. This structure, when 
Demetrius Phalereus governed Athens, was turned by 
Philus into a prostyle temple, with columns in front, 
and by thus enlarging the vestibule, he not only pro- 
vided accommodation for the noviciates, but gave great 
dignity to its appearance. Lastly, in Athens it is said 
that Cossutius was the architect of the temple of Jupiter 
Olympius, which was of large dimensions, and of the 
Corinthian order and proportions, as above mentioned. 
From the pen of this man no treatise is extant ; nor is 
it from him alone that such woxild have been less 
desirable, than from Caius Mutius, who with great 
science, and according to the just rules of art, com- 
pleted the cell, columns, and entablature of the temples 
of Honour and Virtue, near the trophy of Mai-ius, a 
work, which, had it been of marble, and thereby endowed 
with the splendour and richness which the material 
must have added, would have been reckoned among the 
first and most excellent examples. It therefore appears 
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that our country can boast of as great architects as 
Greece herself, many of them even withm our own 
times, but since few have left behind them any treatises, 
I thought it improper to omit any thing, and to treat of 
the diflferent branches in different books. In the sixth 
book I have given rules for building private houses ; in 
this, the seventh, I shall describe their finishing, and 
how that is to be rendered both beautiful and durable. 



CHAPTEK I. 

OF PAVEMENTS. 

I SHALL begin with pavements, which are the principal 
of the finishings, and should be executed with the 
greatest care and attention to their solidity. If the 
pavement be made on the ground itself, the soil must be 
examined, to ascertain that it is solid throughout, then 
over it is to be spread and levelled a layer of rubbish. 
But if the whole or any part of the earth be loose, it is 
to be made solid with a rammer. In timber floors care 
must be taken that no wall be built under them, so as to 
touch the under side of the floors ; but that a space be 
rather left between them and the floors. For if they be 
made solid, the timber of the floors drying and settling, 
whilst the wall remains in its place, will cause fissures 
in the pavement to the right and left. Care must also 
be taken that holm timber be not used with oak ; for as 
soon as oak becomes damp, it warps, and causes cracks 
in the pavement. If, however, holm is not to be had, 
and on that account it be absolutely necessary to use 
oak, it should be cut very thin, by which means its power 
will be diminished, and it will be more easily fastened 
} with the nails. Then through the edges of the boards 
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two nails are to be driven into every joist, so that no 
part of the edges may warp. I do not mention the 
chestnut, beech, or the farnus, because neither of them 
is durable. The floor being prepared, fern, if at hand, 
and if not, straw, is to be spread over it, so that the 
timber may not be injured by the lime. On this is 
placed a layer of stones, each of which is not to be less 
than will fill a man's hand. These being spread, the 
pavement is laid thereon. If the rubbish be new, let 
three parts of it be mixed with one of lime ; but if from 
old materials, the proportion is five parts to two of lime. 
It is then laid on, and brought to a solid consistence 
with wooden beaters and the repeated blows of a number 
of men, till its thickness is about three quarters of a 
foot. Over this is spread the upper layer, composed of 
three parts of potsherds to one of lime, of a thickness 
not less than six inches. Over the upper layer the pave- 
ment is laid to rule and level, whether composed of slabs 
or of tesseree. When laid with their proper inclination, 
they are to be rubbed off, so that, if in slabs, there may 
be no rising edges of the ovals, triangles, squares, or 
hexagons, but that the union of the different joints may 
be perfectly smooth. If the pavement be composed of 
tesserae, the edges of them should be completely smoothed 
off, or the work cannot be said to be well finished. So, 
also, the Tiburtine tiles, peaked at the points, should be 
laid with care, that there may be neither hollows on 
them, nor ridges, but that they be flat, and rubbed to a 
regular surface. After the rubbing and polishing, marble 
dust is strewed over it, and over that a coat of lime and 
sand. Pavements are, however, more fit to be used in 
the open air, inasmuch as timbers expanding in a moist 
atmosphere, and contracting in a dry one, or sagging in 
the middle, cause defects in the pavement by their settLe*- 
ments. Moreover, frosts and ice soon ruin them. But 
as they are sometimes required, they must be made as 
follows. Over the first flooring boards, others crossiixg 



169 

them, must be laid, fastened with nails ; thus giving a 
double covering to the beams. The pavement is com- 
posed of two parts of fresh rubbish, one of potsherds, 
and two of lime. After the first layer of rubbish on the 
floor, this composition is spread ovei* it, and pounded into 
a mass not less than a foot thick. The upper layer 
being then spread, as above directed, the pavement, con- 
sisting of tesseree, each about two inches thick, is laid, 
with an inclination of two inches to ten feet : if thus 
executed, and afterwards properly rubbed, it will not be 
liable to defects. In order that the mortar at the joints 
may not suffer by the frost, at the approach of winter 
every year it should be saturated with the dregs of oil, 
which will prevent the frost affecting it. If extraordinary 
care be required, the pavement is covered with tiles two 
feet square, properly jointed, having small channels, of 
the size of an inch, cut on each edge. These are filled 
with lime tempered with oil, the edges being rubbed and 
pressed together. Thus the lime in the channels grow- 
ing hard, suffers neither water nor anything else to pene- 
trate. After this preparation the upper layer is spread 
and beaten with sticks. Over this either large tessersB 
or angle tiles are laid at the inclination above directed, 
and work so executed will not be easily injured. 



CHAPTEK II. 

OF TEMPERING LIME FOR STUCCO. 

Having given the necessary directions in respect of pave- 
ment, we shall explain the method of stuccoing. This 
requires that the lime should be of the best quality, and 
tempered a long time before it is wanted for use ; so 
that if any of it be not burnt enough, the length of time 
employed in slaking it may bring Hie whole mass to the 
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same consistence. If the lime be not thoroughly slaked, 
but used fresh, it will when spread throw out blisters, 
from the crude particles it contains, which, in execution, 
break and destroy the smoothness of the stucco. When 
the slaking is properly conducted, and care taken in the 
preparation of the materials, a hatchet is used, similar 
to that with which timber is hewn, and the lime is to be 
chopped with it, as it lies in the heap. If the hatchet 
strikes upon lumps, the lime is not sufficiently slaked, 
and when the iron of the instrument is drawn out dry 
and clean, it shews that the lime is poor and weak ; but 
if, when extracted, the iron exhibits a glutinous sub- 
stance adhering to it, that not only indicates the richness 
and thorough slaking of the lime, but also shews that it 
has been well tempered. The scaffolding being then 
prepared, the compartments of the rooms are executed, 
except the ceilings be straight. 



CHAPTER III. 

OF STUCCO WORK. 

When arched ceilings are introduced, they must be exe- 
cuted as follows. Parallel ribs are set up, not more than 
two feet apart : those of cypress are preferable, because 
fir is soon injured by the rot and age. These ribs being 
got out to the shape of the curve, they are fixed to the 
ties of the flooring or roof, as the case may require, 
with iron nails. The ties should be of wood not liable 
to injury from rot, nor age nor damp, such as box, juni- 
per, olive, heart of oak, cypress, and the like, common 
oak always excepted, which, from its liability to warp, 
causes cracks in the work whereon it is employed. The 
ribs having been fixed, Greek reeds, previously bruised, 
are tied to them, in the required form, with cords made 
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of the Spanish broom. On the upper side of the arch a 
composition of lime and sand is to be laid, so that if any 
water fall from the floor above or from the roof, it may 
not penetrate. If there be no supply of Greek reeds, 
the common slender marsh-reeds may be substituted, 
tied together with string in bundles of appropriate length, 
but of equal thickness, taking care that the distance 
from one ligature to another be not more than two feet. 
These are bound with cord to the ribs, as above directed, 
and made fast with wooden pins. All the remaining 
work is to be performed as above described. The arches 
being prepared and interwoven with the reeds, a coat is 
to be laid on the underside. The sand is afterwards in- 
troduced on it, and it is then polished with chalk or 
marble. After polishing, the cornices are to be run 
alon^ the springing : they are to be as slender and light 
as possible; for, when large, diey settle by their own 
weight, and are incapable of sustaining themselves. But 
little plaster should ba used in lliem, an4 the stuff 
should be of uniform quality, such as marble-dust ; for 
the former, by setting quickly, does not allow the work 
to dry of one consistence. The practice of the ancients, 
in arched ceilings, is also to be avoided ; for their cor- 
nices are dangerous, from their great projection and 
consequent weight. Some cornices are of plain, others 
of carved, work. In small private rooms, or where fire 
or many lights are used, they should be plain, to allow 
of being more easily cleaned; in summer rooms, and 
exedrse, where the smoke is in such small quantity that 
it can do no injury, carved cornices may be used ; for 
white works, from the delicacy of their colour, are always 
soiled, not only with the smoke of the house itself, but 
also with that of the neighbouring buildings. The cor- 
nices being completed, the first coat of the walls is to be 
laid on as roughly as possible, and, while drying, the 
sand coat thereon ; setting it out, in the direction of the 
length, by the rule and square ; in that of the height, 
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perpendicularly ; and in respect of the angles perfectly 
square ; inasmuch ^s plastering, thus finished, will be 
proper for the reception of paintings. When the work 
has dried, a second and afterwards a third coat is laid on. 
The sounder the sand coat is, the more durable will the 
work be. When, besides the first coat, three sand coats 
at least have been laid, the coat of marble-dust follows ; 
and this is to be so prepared, that when used, it does not 
stick to the trowel, but easily comes away from the iron. 
Whilst the stucco is drying, another thin coat is to be laid 
on : this is to be well worked and rubbed, and then still 
another, finer than the last. Thus, with three sand coats 
and the same number of marble-dust coats, the walls will 
be rendered solid, and not liable to cracks or other de- 
fects. When, the stuff is well beaten, and the under 
coats made solid, and afterwards well smoothed by the 
hardness and whiteness of the marble-powder, it throws 
out the colours mixed therein with great brilliancy. 
Colours, when used with care on damp stucco, do not 
fade, but are very durable ; because the lime being de- 
prived of its moisture in the kiln, and having become 
porous and dry, readily imbibes whatever is placed on it. 
From their different natures the various particles unite 
in the mixture, and, wherever applied, grow solid ; and 
when dry, the whole seems composed of one body of the 
same quality. Stucco, therefore, when well executed, 
does not either become dirty, or lose its colour when 
washed, unless it has been carelessly done, or the colour 
laid on after the work was dry : if however executed as 
above directed, it will be strong, brilliant, and of great 
durability. When only one coat of sand and one of 
marble-dust are used, it is easily broken, from its thin- 
ness ; and is not, on that account, capable of acquiring a 
brilliant appearance. As a silver mirror, made from a 
thin plate, reflects the imfi^e confusedly and weakly, 
whilst from a thick solid plate it takes a high polish, and 
reflects the image brilliantly and strongly ; so plastering, 
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when thin in substance, not only cracks, bnt soon decays. 
On the contrary, that which is well covered with plaster 
and stucco, and closely laid on, whe^ well polished, not 
only shines, but reflects to the spectators the imt^es 
falling on it. The plasterers of the Greeks thus not only 
make their work hard, by adhering to the above direc- 
tions, but, when the plaster is mixed, cause it to be beaten 
with wooden staves by a great number of men, And use 
it after this preparation. Hence, some persons, cutting 
slabs of plaster from the ancient walls, use them for 
tables ; and the pieces of plaster so cut out for tables 
and mirrors, are, of themselves, very beautiful in appear- 
ance. If stucco be used on timber partitions, which are 
necessarily constructed with spaces between the upright 
and cross pieces, and thence, when smeared with clay, 
liable to swell with the damp, and when dry to shrink, 
and cause cracks, the following expedient should be used. 
After the partition has been covered with the clay, reeds, 
by the side of each other, are to be nailed thereon with 
bossed nails ; and clay having been laid over these, and 
another layer of reeds nailed on the former, but crossed 
in their direction, so that one set is nailed upright, and 
the other horizontally; then, as above described, the 
sand and marble coats and finishing are to be followed 
up. The double row of reeds thus crossed on walls pre- 
vents all cracks and fissures. 



CHAPTER IV. 

OF STUCCO WORK IN DAMP PLACES. 

I HATE explained how plastering is executed in dry situa- 
tions ; now I shall give directions for it, that it may be 
durable in those that are damp. First, in apartments on 
the ground-floor ; a height of three feet from the pave- 
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ment is to have its first coat of potsherds, instead of sand, 
so that this part of the plastering may not be injured by 
the damp. But if a wall is liable to continual moisture, 
another thin wall should be carried up inside it, as far 
within as the case will admit; and between the two 
walls a cavity is to be left lower than the level of the 
floor of the apartment, with openings for air. At the 
upper part, also, openings must be left ; for if the damp 
do not evaporate through these holes above and below, 
it will extend to the new work. The wall is then to be 
plastered with the potsherd mortar, made smooth, and 
then polished with the last coat. If, however, there be 
not space for another wall, channels should nevertheless 
be made, and holes therefrom to the open air. Then 
tiles of the size of two feet are placed on one side, over 
the side of the channel, and, on the other side, piers 
are built, of eight inch bricks, on which the angles of 
two tiles may lie, that they may not be more distant 
than one palm from each other. Over them other tiles, 
with returning edges, are- fixed upright^ from the bot- 
tom to the top of the wall ; and the inner surfaces of 
these are to be carefiiUy pitched over, that they may 
resist the moisture ; they are, moreover, to have air- 
holes at bottom, and at top above the vault. They are 
then to be whited over with lime and water, that the 
first coat may adhere to them? for, from the dryness 
they acquire in burning, they would neither take that 
coat nor sustain it, but for the lime thus interposed, 
which joins and unites them. The first coat being laid 
on, the coat of pounded potsherds is spread, and the 
remainder is finished according to the rules above given. 
The ornaments for polished stuccos ought to be used 
with a regard to propriety, suitable to the nature of the 
place, and should be varied in their composition. In 
winter triclinia, neither large pictures nor delicate orna- 
ments in the cornice, under the vault, are to be introduced, 
because they are injured by the smoke of the fire, and 
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of the quantity of lights used therein. In these, above 
the podium, polished pannels of a black colour are 
introduced, with yellow or red margins round them. 
The method of finishing plain as well as enriched 
ceilings having been described, it will not be amiss, in 
case any one should wish to know it, to explain the 
construction of the pavements used in the Grecian 
winter rooms ; which is not only economical but useful. 
The floor of the triclinium is excavated to the depth of 
about two feet ; and after the bottom is well rammed, a 
pavement of rubbish or potsherds is spread over it, with 
a declivity towards the holes of the drain. A composition 
of pounded charcoal, lime, sand, and ashes, is mixed up 
and spread thereover, half a foot in thickness, perfectly 
smooth and level. The surface being then rubbed with 
stone, it has the appearance of a black pavement. Thus, 
at their banquets, the liquor that is spilt, and the expec- 
toration which falls on it, immediately dry up ; and the 
persons who wait on the guests, though barefooted, do 
not suffer from cold on this sort of pavement. 



CHAPTER V. 

OF THE USE OF PAINTING IN BUILDINGS. 

In the other rooms, namely, those for vernal, autumnal, 
and summer use ; in atria also, and peristylia, certain 
kinds of pictures were used by the ancients. Painting 
represents subjects which exist or may exist, such as 
men, houses, ships, and other things, the forms and 
precise figures of which are transferred to their repre- 
sentations. Hence those of the ancients who first used 
polished coats of plastering, originally imitated the 
variety and arrangement of inlaid marbles. Afterwards 
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the variety was extended to the cornices, and the yellow 
and red frames of pannels, from which they proceeded 
to the representations of huildings, columns, and the 
projections of roofs. In spacious apartments, such as 
exedrfiB, on account of their extent, they decorated the 
walls with scenery, after the tragic, comic or satyric 
mode ; and galleries from their extended length, they 
decorated with varied landscapes, the representations of 
particular spots. In these they also painted ports, pro- 
montories, the coasts of the sea, rivers, fountains, 
straits, groves, mountains, cattle, shepherds, and some- 
times figures representing gods, and stories, such as the 
Trojan battles, or the wanderings of Ulysses over dif- 
ferent countries, and other subjects, founded on real 
history. But those which were used by the ancients 
are now tastelessly laid aside : inasmuch as monsters 
are. painted in the present day rather than objects whose 
prototjrpe are to be observed in nature. For columns 
reeds are substituted ; for pediments the stalks, leaves, 
and tendrils of plants ; candelabra are made to support 
the representations of small buildings, from whose 
summits many stalks appear to spring with absurd 
figures thereon. Not less so are those stalks with 
figures rising from them, some with human heads, 
and others with the heads of beasts ; because similar 
forms never did, do, nor can exist in nature. These new 
fashions have so much prevailed, that for want of com-, 
petent judges, true art is little esteemed. How is it 
possible for a reed to support a roof, or a candelabrum 
to bear a house with the ornaments on its roof, or a 
small and pliant stork to carry a sitting figure ; or, that 
half figures and flowers at the same time should spring 
out of roots and stalks ? And yet the public, so far 
from discouraging these falsehoods, are delighted with 
them, not for a moment considering whether such things 
could exist. Hence the minds of the multitude, misled 
by improper judges, do not discern that which is founded 
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on reason and the rules of propriety. No pictures 
should be tolerated but those established on the basis of 
truth ; and although admirably painted, they should be 
immediately discarded, if they transgress the rules of 
propriety and perspicuity as respects the subject. At 
Tralles, a town of Lydia, when Apaturius of Alabanda 
had painted an elegant scene for the little theatre which 
they call hcKKrp-tmrrripwv^ in which, instead of columns, 
he introduced statues and centaurs to support the episty- 
lium, the circular end of the dome, and angles of the 
pediments, and ornamented the cornice with lions' heads, 
all of which are appropriate as ornaments of the roofing 
and eaves of edifices ; he painted above them, in the 
episcenium, a repetition of the domes, porticos, half 
pediments, and other parts of roofs and their orna- 
ments. Upon the exhibition of this scene, which on 
account of its richness gave great satisfaction, every 
one was ready to applaud, when Licinius, the mathe- 
matician, advanced, and thus addressed them : *^ The 
Alabandines are sufficiently informed in civil matters, 
but are without judgment on subjects of less moment; 
for the statues in their Gymnasium are all in the 
attitude of pleading causes, whilst those in the forum 
are holding the discus, or in the attitude of running, 
or playing with balls, so that the impropriety of the 
attitudes of the figures in such places disgraces the 
city. Let us therefore, be careful by our treatment of 
the scene of Apaturius, not to deserve the appellation of 
Alabandines or Abderites ; for who among you would 
place columns or pediments on the tiles which cover the 
roofs of your houses ? These things stand on the floors, 
not on the tiles. If, then, approbation is conferred on 
representations in painting which cannot exist in fact, 
we of this city shall be like those who for a similar error 
are accounted illiterate." Apaturius dared not reply, 
but took down and altered the scene, so as to make it 
consistent with truth, and then it was approved. O that 
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the gods would restore Licinius to life, that he might 
correct the folly, and fashionable inconsistency in our 
stucco work. It is not foreign to my purpose to show 
how inconsistency overcomes truth. The ancients la- 
boured to accomplish and render pleasing by dint of 
art, that which in the present day is obtained by means 
of strong and gaudy colouring, and for the effect which 
was formerly obtained only by the skill of the artist, a 
prodigal expense is now substituted. Who in former 
times used minium otherwise than as a medicine ? In 
the present age, however, walls are everywhere covered 
with it. To this may be added the use of chrysocoUa, 
purple, and azure decorations, which, without the aid of 
real art, produce a splendid effect. These are so costly, 
that unless otherwise stated in agreements, they are to 
be, by law, charged to the account of the employer. To 
my utmost I have described the means for avoiding de- 
fective plastering, and as lime has previously been 
sufficiently treated of, it now remains to treat of marble. 



CHAPTER VI. 

OF THE PREPAKATION OF MARBLE FOR PLASTERING. 

Marble is not alike in all countries. In some places it 
contains pellucid particles, similar to those of salt, which, 
when bruised and groimd, impart great solidity to plas- 
tering and cornices. When these ai*e not to be obtained, 
the chips (assulee), as they are denominated, which the 
workers in marble throw off in workmg, may be substi- 
tuted after being pounded and sifted. They are to be 
separated into three sorts, of which that which contains 
the larger particles, is, as we have above directed, to be 
laid on with the sand and lime : then follows the second 
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coat, and afterwards, the third which id finer in texture. 
After this preparation, and a careful polishing of the 
work, the colours which it is to receive are to he consi- 
dered, so that they may he hrilliant. Their variety and 
the method of preparing them will he found in the fol- 
lowing pages. 



CHAPTER VII. 

OF NATURAL COLOURS. 

Some are found in certain places in a native state, and 
thence dug up, whilst others are composed of different 
substances, ground and mixed together, so as to answer 
the same purpose. First we shall explain the nature 
of that which is found native, called by the Greeks 
^XP^' This, as in Italy, is discovered in many places, 
but the best is the Attic sort, which cannot now be 
procured, for in working the silver mines at Athens, if 
by chance they fell upon a vein of ochre, they followed 
it up just as they would one of silver. Hence the an- 
cients used abundance of ochre in their finishings. Red 
ochre is also found in many places, but the best only in 
a few, as at Sinope, in Pontus; in Egypt; in the Balearic 
Islands, near the coast of Spain ; also in Lemnos, the 
revenue of which island the senate and people of Rome 
granted to the Athenians. The Parsetonion takes its 
name from the place where it is dug up. The Melinon 
on a similar account is so called, from its abundance in 
Melos, one of the Cyclades. Green chalk is also found 
in many places ; but the best comes from Smyrna, and is 
called by the Greeks 0eo8ortov, because Theodotus was the 
owner of the land in which it was first discovered. Or- 
piment, which is called Afxreyucov in Greek, is obtained 
from Pontus. Red lead is also obtained from many 

I 
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places, but the best comes from Pontus, near the river 
Hypanis. In other spots as in the country between the 
borders of Magnesia and Ephesus, it is procured from 
the earth in such a state as to want neither grinding nor 
sifting, but quite as fine as that which is ground and 
pounded by hand. 



CHAPTER Vni. 

OF VERMILION AND QUICKSILVER. 

I SHALL now speak of vermilion. This is said to have 
been first found in the Cilbian fields of the Ephesians, 
and the manner of procuring and preparing it is very 
curious. A clod of earth is selected, which, before it is 
manufactured into vermilion, is called Anthrax, wherein 
are veins resembling iron, but of a red colour, and having 
a red dust round them. When dug up, it is beaten with 
iron bars till a great number of drops of quicksilver 
exude from it ; these are immediately collected by the 
excavators. The clods, when collected in the laboratory, 
on account of their great dampness, are thrown into a 
furnace to dry; and the fumes that rise from them 
through the action of the fire fall condensed on the floor 
of the furnace, and are found to be quicksilver. But as, 
from tlie ;6mallness of the drops which thus remain, 
they cannot be gathered up, they are swept into a vessel 
of water, in which they run together and reunite. These, 
when they fill a vessel of the capacity of four sextarii, 
weigh one hundred pounds. If quicksilver be placed in 
a vessel, and a stone of a hundred pounds weight be 
placed on it, it will swim at the top, and will, notwith- 
standing its weight, be incapable of pressing the liquid 
so as to break or separate it. If this be taken out, and 
only a single scruple of gold be put in, that will not swim^ 
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but immediately descend to the bottom. This is a proof 
that the gravity of a body does not depend on its weight, 
but on its nature. Quicksilver is used for many pur- 
poses ; without it, neither silver nor brass can be pro- 
perly gilt. When gold is embroidered on a garment 
which is worn out and no longer fit for use, the cloth is 
burnt over the fire in earthen pots ; the ashes are 
thrown into water, and quicksilver added to them ; 
this collects all the particles of gold, and unites with 
them. The water is then poured off, and the residuum 
placed in a cloth: which, when squeezed with the 
hands, suffers the liquid quicksilver to pass through 
the pores of the clothe but retains the gold in a mass 
within it. 



CHAPTER IX. 
OF THE PREPARATION OF VERMILION. 

I NOW return to the preparation of vermilion. When the 
clods are dry, they are poimded and reduced to powder 
with iron beaters, and t^en, by means of repeated wash- 
ings and dryings, the colour is produced. When this is 
effected, the vermilion, deprived of the quicksilver, loses 
. its natural tenacity, and becomes soft and disconnected ; 
and used in the last coat of the plastering of rooms, 
keeps its colour without fading. But in open places, 
such as peristylia or exedrsB, and similar situations 
whereto the rays of the sun and moon penetrate, the 
brilliancy of the colour is destroyed by contact with 
them, and it becomes black. Thus, as it has happened 
to many others, Faberius, the scribe, wishing to have his 
house on the Aventine elegantly finished, coloured the 
walls of the peristylia with vermilion. In the course of 
thirty days they turned to a disagreeable uneven colour; 
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on which account he was obliged to agree with the 
contractors to lay on other colours. Those who are 
particular in this respect, and are desirous that the 
vermilion should retain its colour, should, when the 
wall is coloured and dry, rub it with a hard brush 
charged with Punic wax melted and tempered with oil : 
then, with live coals in an iron'pan, the wall should be 
thoroughly heated, so as to melt the wax and make it lie 
even, and then rubbed with a candle and clean cloth, as 
they do marble statues. This practice is called xawris 
by the Greeks. The coat of Punic wax prevents the 
effect of the moon's as well as that of the sun's rays 
thereon which injure and destroy the colours in work of 
this nature. The laboratories which were formerly car- 
ried on at the mines in Ephesus are now transferred to 
Rome, on account of mines of the same sort having 
been discovered in some parts of Spain, whence the clods 
are brought and worked by manufacturers at Rome. 
These laboratories are situated between the temples of 
Flora and Quirinus. Vermilion is occasionally adul- 
terated with lime. The following is a method by which 
its goodness may be proved. Let the vermilion be 
placed on an iron plate over the fire, and remain till 
the plate is red hot: when the heat has changed the 
colour, and it appears black, let the plate be removed 
from the fire. If, when cooled, it returns to its original 
colour, it may be considered pure. But if it remain of 
a black colour, it is quite clear that it has been adul- 
terated. I have written all that I remember respecting 
vermilion. Chrysocolla comes from Macedonia, and is 
found in the vicinity of copper mines. Minium and 
indigo, by their names, indicate the places from whence 
they are obtained. 
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CHAPTER X. 

OF ARTIFICIAL COLOURS. OF BLACK. 

I HAVE now to speak of those bodies which, from par- 
ticular treatment, change their qualities, and acquire the 
properties of colour; and first, of black, which is much 
employed in diflferent works, in order that it may be 
known how it is prepared for use. An apartment is 
built similar to a laconicum, plastered with marble stucco, 
and polished. In front of it is built a furnace, which 
communicates with the laconicum ; the mouth of this is 
to be very carefully closed, for the purpose of preventing 
the escape of the flame. Besin is then placed in the fur- 
nace, whose smoke, when the material is set on Are, 
passes by means of communications into the laconicum, 
and therein adheres to the walls and the arched ceiling. 
It is then collected, and some part of it is tempered 
with gum, to make ink for transcribers ; the remainder 
is used by stuccoers in colouring walls, being previously 
mixed with size. But if this cannot be procured, in 
order to prevent delay, the following expedient may be 
adopted. Pine branches or chips must be burnt, and, 
when thoroughly charred, pounded in a mortar with 
size. Thus the plasterer will procure an agreeable black 
colour. A black colour, not less pleasing, is made by 
drying and burning lees of wine in a furnace, and grind- 
ing the result with size. Indeed, this makes a very 
agreeable black. The better the wine whose lees are 
used, the better will be the black colour ; which wiU, in 
3uch case, approach the colour of indigo. 
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CHAPTER XI. 

or BLUE, AND OF BURNT YELLOW. 

Blue was first manufactared at Alexandria, and after- 
wards by Vestorius at Puzzuoli. The method of making 
it, and the nature of the ingredients, merit our attention. 
Sand is ground with flowers of sulphur, till the mixture 
is as fine as flour, to which coarse filings of Cyprian 
copper are added, so as to make a paste when moistened 
with water; this is rolled into balls with the hand, and 
dried. The balls are then put into an earthen vessel, 
and that is placed in a furnace. Thus the copper and 
sand heating together by the intensity of the fire, im- 
part to each other their different qualities, and thereby 
acquire their blue colour. Burnt yellow, which is much 
used in stuccos, is thus made. A lump of good yellow 
earth is heated red hot ; it is then quenched in vinegar, 
by which it acquires a purple colour. 



CHAPTER XIL 

OF WHITE LEAD, VERDIGREASE, AND RED LEAD. 

It will be proper to explain in what manner white lead 
is made, and also verdigrease, which we call eeruca. 
The Rhodians place, in the bottoms of large vessels, a 
layer of twigs, over which they pour vinegar, and on 
the twigs they lay masses of lead. The vessels are 
covered, to prevent evaporation ; and when, after a cer- 
tain time, they are opened, the masses are found changed 
into white lead. In the same way they make verdi- 
grease, which is called eeruca, by means of plates of 
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copper. The white lead is roasted in a furnace, and, 
by the action of the fire, becomes red lead. This inven- 
tion was the result of observation in the case of an 
accidental fire ; and, by the process, a much better 
material is obtained than that which is procured from 
mines. 



CHAPTER Xin. 

OF PURPLE. 

I SHALL now speak of purple, which, above all other 
colours, has a delightful effect, not less from its rarity 
than from its excellence. It is procured from the marine 
shell which yields the scarlet dye, and possesses quali- 
ties not less extraordinary than those of any other body 
whatever. It does not in all places where it is found 
possess the same quality of colour ; but varies in that 
respect according to the sun's course. Thus, that which 
is obtained in Pontus and in Galatia, from the nearness 
of those countries to the north, is brown ; in those 
between the south and the west, it is pale ; that which 
is found in the equinoctial regions, east and west, is of a 
violet hue ; lastly, that which comes from southern 
countries possesses a red quality : the red sort is also 
found in the island of Rhodes, and other places near the 
equator. After the shells are gathered they are broken 
into small pieces with iron bars; from the blows of 
which, the purple dye oozes out like tears, and is drained 
into mortars and ground. It is called ostrum, because 
extracted from marine shells. Inasmuch as this colour, 
from its saltness, soon dries, it is prepared for use with 
honey. 
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CHAPTER XIV. , 

OF FACTITIOUS COLOURS. 

PuKPLE colours are also made by tinging chalk with 
madder-root and hysginum. Divers colours are also 
made from flowers. Thus, when dyers are desirous of 
imitating the Attic ochre, they put dry violets into a 
vessel, and boil them. When so prepared, they pour 
the contents of the vessel on to a cloth, and, squeezing it 
with their hands, receive in a mortar the water thus 
coloured by the violet, and then, mixing Eretrian earth 
with it, and grinding it, the colour of Attic ochre is 
produced. In the same way an excellent purple is 
obtained by preparing vaccinium, and mixing it with 
milk. So also, those who cannot afford the use of 
chrysocolla, mix blue with the herb weld, and thus 
obtain a brilliant green. These are called factitious 
colours. On account of the deamess of indigo, Selinu- 
sian chalk, or that used for making rings, is mixed with 
glass, which the Greeks call voXos ; and thus they 
imitate indigo. In this book I have explained, as they 
have occurred to me, the methods of making colours for 
painting, so that they may be durable and appropriate. 
Thus, in seven books, are methodically laid down all 
the rules that relate to the perfection and convenience 
of buildings. In the following book I shall treat of water, 
how it is to be found and conveyed to any place ; as also 
how to ascertain its salubrity, and fitness for the pur- 
poses to which it is to be applied. 
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BOOK THE EIGHTH. 



INTRODUCTION. 

Thales, the Milesian, one of the seven wise men, 
taught that water was the original cause of ail things. 
Heraclitos maintained the same of fire : the priests of the 
mi^, of water and fire. Euripides, a disciple of Anaxa- 
goras, caUed hj the Athenians the dramatic philosopher, 
attributed it to air and earth ; and contended that the 
latter, impregnated bj the seed contained in the rain 
falling firom the heavens, had generated mankind and ail 
the ftTiimitla on the earth; and that all these, when 
destroyed bj time, returned to their origin. Thus, such 
as spring firom the air, also return into air, and not 
being capable of decaj, are only changed by their disso- 
lution, returning to that element whereof they first 
consisted. But Pythagoras, Empedocles, Epicharmus, 
and other physiologists, and philosophers, muntained 
tliat there were four elements, air, fire, water, and earth; 
and that their mixture, according to the difference of the 
species, forms a natural mould of different qualities. 
We must recollect, that not only fix>m these elements 
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are all things generated, but that they ean neither be 
nourished, nor grow without their assistance. Thus 
bodies cannot live without abundance of air; that is, 
without its being furnished for inspiration and respira- 
tion in considerable quantity. So, also, if a body do 
not possess a due proportion of heat, it can neither be 
endued with animal spirits nor a strong constitution, 
nor will the hardness of its food be duly attenuated : 
and if the members of the body are not nourished by 
the fruits of the earth, they will waste, because deprived 
of the mixture of that element with them. Lastly, 
animals deprived of moisture, from want of water dry 
up, and are bloodless and parched. Divine Providence 
has made those things, neither scarce nor dear which are 
necessary for mankind, as are pearls, gold, silver, and 
the like, which are neither necessary for the body nor 
nature ; but has diffused abundantly, throughout the 
world, those things, without which the life of mortals 
would be uncertain. Thus, if a body be deficient in 
spirit, the deficiency is supplied by the air. The power 
of the sun, and the discovery of fire, are always ready to 
assist us, and render life more certain* The fruits of 
the earth also, famishing nourishment even to excess, 
feed and support animals continually. Water is .of 
infinite utility to us, not only as affording drink, bijt for 
a great number of purposes in life^ and it is furnished 
to us gratuitously. Hence the priests of the Egyptian 
worship teach, that all things are composed of water ; 
and when they cover the vase of water, which is borne 
to the temple with the most solemn reverence, kneeling 
on the earth, with their hands raised to heaven, they 
retom thanks to divine goodness for its creation. 
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CHAPTER I. 

OF THE METHOD OF FINDING WATER 

As it is the opinion of physiologists, philosophers and 
priests that all things proceed from water, I thought it 
necessary, as in the preceding seven books rules are laid 
down for buildings, to describe in this the method of 
finding water, its different properties, according to the 
varied nature of places, how it ought to be conducted, 
and in what manner it should be judged of; inasmuch 
as it is of infinite importance, for the purposes of life, 
for pleasure, and for our daily use. This will be easily 
accomplished if the springs are open and flowing above 
ground. If that be not the case, their sources under 
ground are to be traced and examined. In order to dis- 
cover these, before sunrise one must lie down prostrate in 
the spot where he seeks to find it, and with his chin placed 
on the ground and fixed, look around the place ; for the 
chin being fixed, the eye cannot range upwards farther 
than it ought, and is confined to the level of the place. 
Then, where the vapours are seen curling together and 
rising into the air, there dig, because these appearances 
are not discovered in dry places. We should also con- 
sider the nature of the place when we search for water. 
In clay, the vein of water is small, the supply little, and 
not of the best flavour ; and if in low places, it will be 
muddy and ill tasted. In black earth, only tricklings and 
small drops are found, which, collected from the winter 
rain, subside in compact hard places, and are of very ex- 
cellent flavour. In gravel, the veins are small and variable, 
but tibey are exceeding well flavoured. In the strong, com- 
mon and red sands, the supply is to be depended on with 
more certainty, and is of good taste. In red stone, abun- 
dance and that of good quality may be obtained, if it do not 
filter away and escape through the pores. At the feet of 
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mountains, and about flinty rocks the supply is copious 
and abundant ; it is there cold and more wholesome. In 
champaign countries, the springs are salt, gross, tepid, 
and unpleasant, except those, which percolating from the 
mountains beneath the surface, issue forth in the plains, 
where, especially when shadowed by trees, they are as 
delicious as those of the mountains themselves. Besides 
the above signs for ascertaining in what places water may 
be found, are the following : when a place abounds with 
the slender bulrush, the wild willow, the alder, the withy, 
reeds, ivy, and other plants of a similar sort, which neither 
spring up nor flourish without moisture. For these plants 
usually grow about lakes, which, being lowei: than the 
other parts of a country, receive both the rain water and 
that of the district, through the winter, and, from their 
size, preserve the moisture for a longer period. On these, 
however, we must not rely. But in those districts and 
lands, no lakes being near, where the plants in question 
grow spontaneously, there we may search. In places 
where these signs do not appear, the following plan must 
be adopted. Dig a hole three feet square, and at least 
Ave feet deep, and in it, about sunset, place a brazen or 
leaden basin, or larger vessel, if one be at hand. It must 
be rubbed over with oil inside and inverted, and the upper 
part of the excavation is to be covered with reeds or leaves; 
on these the earth is to be thrown. On the following 
day let it be opened, and if the inside of the vase be 
covered with damp and drops of water, water will be 
there found. If the vase placed in the pit be of unbumt 
clay, having been covered as before directed, when un- 
covered it will be damp, and perhaps destroyed by the 
moisture. A fleece of wool being placed in the same pit, 
if, on the following day, water can be expressed from it, 
the existence of water in the place is indicated, and that 
in abundance. Also, if a trimmed lamp full of oil be 
lighted, and placed in the covered pit, and on the fol- 
lowing day it be not exhausted, but still retain uncon- 
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sumed, and some of the wick and oil present a humid 
appearance, it shows that water will be found there, inas- 
much as heat invariably draws the moisture towards it. 
Moreover, if in such place a fire be made on the ground, 
and the ground, when heated, throw out cloudy vapours, 
water will be found in it. These experiments having 
been made, and the requisite indications being manifest, 
a well is to be sunk on the spot ; and if the head of the 
spring be found, many other wells are to be dug round 
about it, and, by means of under-cuttings, connected with 
it so as to concentrate them. The spring-heads, however, 
are chiefly to be sought in mountains and northern dis- 
tricts, because, in those situations, they are generally 
sweeter, more wholesome, and more copious, on account of 
their being sheltered from the rays of the sun, of the trees 
and shrubs in those places being in greater abundance, 
and of the sun's rays coming obliquely on them, so that 
the moisture is not carried oflF. Valleys in the midst of 
mountains receive a very large proportion of rain, and 
from the closeness of their woods, as well from the 
shade which the trees afford, added to the snow, which 
so long remains on them, allow it to percolate through 
their strata, and thus arrive at the foot of the mountain, 
when, issuing forth, it becomes the source of a river. On 
the contrary, in a champaign country, much water will 
not probably be found; or if it should, it will not be 
wholesome, because the great power of the sun, unob- 
structed by shade, attracts and carries off all humidity 
from the plains ; and were even the wateF to appear, the 
air would attract and dissipate the lightest, subtlest, and 
wholesomest parts, and leave the heaviest, most un- 
pleasant, and most unwholesome in the spring. 
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CHAPTER 11. 

OF RAIN WATER. 

Water collected from showers possesses wholesome qua- 
lities, because it consists of the lightest and most subtle 
particles of all springs, which, cleansed by the action of 
the air, and loosened by the tempests, descend upon the 
earth : and the reason why showers do not fall so often 
upon plains as they do on mountains or their vicinity is, 
because the vapours ascending from the earth at sunrise, 
to whatever part of the heavens they incline, drive the 
air before them, and, being in motion, receive an impetus 
from the air which rushes after them. The air rushing 
on, and driving in every direction the vapour before it, 
creates gales, and blasts, and eddies of wind. Hence the 
winds, wherever they travel, extract from springs, rivers, 
marshes, and from the sea, when heated by the sun, 
condensed vapours, which rise and form clouds. These, 
borne up by the winds when they come against the sides 
of mountains, from the shock they sustain, as well as 
from storms, swell, and, becoming heavy, break and dis- 
perse themselves on the earth. The vapours, clouds, 
and exhalations which rise from the earth, seem to 
depend on its retention of intense heat, great winds, 
cold moisture, and its large proportion of water. Thus 
when, from the coolness of the night, assisted by the 
darkness, windf arise, and clouds are formed from damp 
places, the sun, at its rising, striking on the earth with 
great power, and thereby heating the air, raises the 
vapours and the dew at the same time. A corroboration 
of this may be seen in a hot bath ; for it is absurd to 
suppose that there can be a spring above its ceiling ; 
and yet that, when warmed by the heated air from the 
furnace, attracts the moisture from the pavement, 
whence it is carried up to the vaulting of the ceiling, 
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where it hangs. For hot vapours always ascend, and at 
first, from their lightness, do not fall down, but as soon 
as condensed, their gravity prevents buoyancy, and they 
drop on the heads of the bathers. In the same manner 
the atmospheric air, when warmed by the sun, raises 
the moisture from all places, and gathers it to the 
clouds : for the earth acted upon by heat, drives out its 
moisture, as heat drives out perspiration from the human 
body. This is manifest from the winds, among which, 
those that blow from the coldest quarters, as the north, 
and the north-east, bring dry and pure air, but the south 
and other winds, which blow from the direction of the 
sun's course, are very damp, and always bring showers 
with them, because they reach us heated by the torrid 
regions, and imbibing vapours from the countries they 
pass over, transport them to the northern quarters. 
That this is the case, is evident from an inspection of 
the sources of rivers, as marked in geographical charts ; 
as also from the descriptions of them, wherein we find 
that the largest, and greatest number are from the 
north. First, in India, the Ganges and Indus spring 
from Mount Caucasus : - in Syria, the Tigris and Eu- 
phrates : in Asia, and especially in Pontus, the Borys- 
thenes, Hypanis and Tanais : in Colchis, the Phasis : 
in France, the Rhone : in Belgium, the Rhine : south- 
ward of the Alps, the Timavus and Po ^ in Italy, the 
Tiber: in Maurusia, which we call Mauritania, the 
river Dyris, from Mount* Atlas, which, rising in a 
northern region, proceeds westward to the lake Hep- 
tabolus, where, changing its name, it is called the 
Niger, and thence from the lake Heptabolus, flowing 
under barren mountains, it passes in a southern direc- 
tion, and falls into the Marsh Coloe, which encircles 
Meroe, a kingdom of the southern Ethiopians. From 
this marsh turning round near the rivers Astasoba, 
Astabora, and many others, it passes through mountains 
to the Cataract, and falling down towards the north it 
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passes between Elephantis and Syene and the Thebaic 
Fields in Egypt, where it receives the appellation of the 
Nile. That the source of the Nile is in Mauritania, is 
certain, because on the other side of the Mount Atlas 
are other springs whose course is towards the western 
ocean, in which are found the ichneumon, th6 crocodile, 
and other animals and fishes of a similar nature, the 
hippopotamus excepted. Since, therefore, all the large 
known rivers in the world seem to flow from the north, 
and towards the land of Africa, because those are in the 
southern regions under the sun's course, where there is 
little moisture, and but few springs and rivers, it follows 
that those sources which are in the north and north- 
east, are much better than others, unless they run over 
a sulphureous, aluminous, or bituminous soil, for their 
quality is thereby changed, and whether hot or cold, 
their water is then of bad smell and taste. It is not 
that water, by its nature, is hot, but when cold, it is heated 
by running over a hot soil, and issues warm from the 
earth through the different pores : it does not, however, 
long remain in that state, but soon becomes cold; 
whereas, if It were naturally hot, it would not so soon 
grow cool; for it does not lose its taste, smell, and 
colour, which, from the purity of its nature, remain 
unchanged and discoloured. 



CHAPTER III. 

OF THE NATURE OF VARIOUS WATERS. 

Thebe are some hot springs from which water of an 
excellent flavour is procured, so pleasant to the taste» 
that it is inferior neither to that of the fountains of 
the CamsBnae nor of the Martian aqueduct. These are 
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naturally so, on the following account. When fire is 
generated under ground, and the soil is heated all 
round, either from ahundance of alum, hitumen, or 
sulphur, the hot vapour ascends to the upper parts, and, 
if there are therein springs of sweet water affected hy 
its spreading through the pores, they grow hot, without 
injury to the flavour. There are also cold springs whose 
smell and taste are bad. These arise in the lower sub- 
terranean places, then pass through hot districts, and 
afterwards continuing their course for a considerable 
distance, are cold when they rise to the surface, and of 
a vitiated taste, smell, and colour. Such is the river 
Albula, in the Tiburtine way : such are the cold foun- 
tains in the lands of Ardea, both of a similar smell, 
which is like sulphur : such, also, are found in other 
places. But these, though cold, seem, nevertheless, to 
boil : for, falling from a high place on to a heated soil, 
and acted on by the meeting of the water and fire, they 
rush together with great violence and noise ; and, appa- 
rently inflated by the violence of the compressed air, 
they issue boiling from the spring. Among them, how- 
ever, those whose course is not open, but obstructed by 
stones or other impediments, are, by the force of the air 
through the narrow pores driven up to the tops of hills. 
Hence, those who think they have found springs at such 
a height as the tops of hills, are mistaken when they 
dig their wells. For as a brazen vase, not filled to the 
brim, but about two-thirds full of water, with a cover 
thereon, when subjected to the great heat of a fire com- 
municates that heat to the water, this, from its natural 
porosity, receiving the heat and swelling out, not only 
fills the vase, but, raising the cover by the force of the 
steam, increases and boils over. If the cover be taken 
away, the steam passes off to the open air, and the 
water subsides. In the same manner, when springs 
are forced through narrow channels, the pressure of 
the air drives the bubbles of the water to the top; 



186 

"but as soon as they come into wide open cliannels, 
the pores of the liquid having vent, it subsides and - 
returns to its natural level. All hot springs are, there- 
fore, medicinal ; because boiling in the soils through 
which they pass, they acquire many virtues. Thus sul- 
phureous waters restore, by their heat, those suffering 
under nervous complaints, by warming and extracting 
the vitious humours of the body. If any member of 
the body, either from paralysis or other malady, become 
useless, aluminous waters warm it, and introducing, 
through the open pores, the opposing power of heat, 
restore it, and thus it immediately regains its former 
strength. Bituminous waters, taken inwardly, act as 
purgatives, and are excellent for the cure of inward 
complaints. There is a species of cold nitrous spring 
like that at Pinna a city of the Vestini, at Cutilium, 
and other similar places, which, when taken, purges, 
and, in its passage through the bowels, diminishes 
schrophulous tumours. In those places where gold, 
silver, iron, brass, lead, and other similar substances, 
are excavated, very copious springs are found. These, 
however, are very pernicious. Indeed they produce 
effects contrary to those of the hot springs which emit 
sulphur, alum, and bitumen : for when taken inwardly, ^ 
passing through the intestines, they affect the nerves 
and joints, and produce hard swellings on them. Hence 
the nerves are contracted by the swelling, in the direc- 
tion of their length, and thus induce the cramp or the 
gout, because the vessels become saturated with hard 
gross cold particles. But there is a species of water, 
which, when not clear, has a foam, like a flower, swim- 
ming on its surface, of a colour similar to that of purple 
glass. It is known at Athens more particularly, and, 
from the places and springs in which it is found, it is 
conducted to the city and to the Piraeus; but, on account 
of the cause above-mentioned, no one drinks it, though 
it is in use for washing and other purposes. They, 
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therefore, to avoid its ill effects, drink the well water. 
The Troezenians are not able to escape this evil ; for 
they have' no other sort of water, except that of Cyb- 
delus. Hence, in their city, all, or at least the greatest 
part, of the inhabitants are affected with diseases in the 
feet. At Tarsus, a city of Gilicia, there is a river whose 
name is Cydnus, in which, if gotity persons steep their 
feet, they receive relief from it. There are, moreover, 
many other sorts of water, which have particular pro- 
perties, as the Himera, in Sicily, which, when it departs 
from its source, is divided into two branches. That 
branch which flows towards ^tna, passing through a 
country of sweet humidity, is exceedingly soft; the 
other, its course being through land where salt is dug, 
has a salt taste. At Pareetonium, also, and on the road 
to the temple of Ammon, and at Gasium in -JEgypt, 
there are marshy lakes containing so much salt, that it 
congeals on them. In many other places the springs, 
rivers and lakes, which run near salt-pits, are therefrom 
rendered salt. Others, running over veins of fat earth, 
issue forth impregnated with oil : as at Soloe, a city of 
Cilicia, a river called Liparis, in which those that swim 
or wash, are, as it were, anointed by the water. In 
Ethiopia, also, there is a' lake which anoints those that 
swim therein ; and in India there is another, which, 
when the sky is clear, emits a great quantity of oil. At 
Carthage there is a spring, on the surface of which 
swims an oil of the smell of cedar dust, with which they 
anoint cattle. In the island of Zacjmthus, and about 
Dyrrachium and Apollonia, are springs which throw up 
a great quantity of pitch with the water. The vast lake 
at Babylon, called the Asphaltic pool, contains floating 
bitumen, with which, and with bricks of baked earth, 
Semiramis built the wall round Babylon. At Joppa, 
also, in Syria, and in Numidian Arabia, are lakes of 
immense size, 3delding large masses of bitumen, which 
are taken away by the inhabitants of the neighbourhood. 
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This is not, however, surprising ; for in that spot there 
are many quarries of hard bitumen : hence, when the 
water bursts out from this bituminous earth, it carries 
it therewith; and having come forth, the bitumen is 
separated from it and deposited. In Cappadocia, on the 
road between Mazaca and Tuana, there is a considerable 
lake, in which, if a piece of reed or any other substance 
be cast, and taken out on the following day, it will be 
found to have been turned into stone : but i^e part out 
of water will not have changed its quality. In the same 
manner, at Hierapolis, in Phrygia, a large head of hot 
water boils up, and is conducted by ditches round the 
gardens and vineyards. At the end of a year the ditches 
become incrusted with stone ; and hence, making yearly 
cuts to the right and left, they carry off the incrusta- 
tions, and use them for building field walls. This cir- 
cumstance, as it appears to me, would naturally happen, 
if, in these spots, and in the land about, there be a juice 
or moisture whose nature is similar to that of rennet. 
For then, when this coagulating power issues forth from 
the earth, through the springs, congelation takes place 
by the heat of the sun and air, as is seen in salt-pits. 
Some springs are exceedingly bitter, from the bitterness 
of the juices of the earth; as the river Hypanis in 
Pontus, which, for the first forty miles from its source, 
is of very sweet flavour ; but at a spot one hundred and 
sixty miles from its mouth, a very small spring falls into 
it, after which the whole body of the river becomes 
bitter ; and this because the water flows through that 
sort of earth and veins from whence red lead is pro- 
cured. These different flavours are dependent on the 
quality of the earth, as in the case of fruits. For if the 
roots of trees, of vines, or of other plants, did not 
produce fruit according to the quality of the earth 
and the nature of the moisture, the same sort of fruit 
would, in all places and countries, possess the same 
flavour. Whereas we see, that, in the island of Lesbos 
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the Protyran wine is made, in Mseonia the KaraLKeKavficylrri 
(Catakecaumenitan), in Lydia the Melitan, in Sicily the 
Mamertine, in Campania the Falemian, at Terracina 
and Fundi the Osecuban ; and in many other places a 
vast variety of sorts, of diflferent qualities ; which could 
not be the case, but that the moisture of the earth, 
penetrating the roots with the particular flavour it pos- 
sesses, nourishes the tree, and, rising to the top of it, 
imparts to the fruit the flavour of the place and species. 
For if the soil and its moisture did not vary, neither 
would the reeds and rushes of Syria and Arabia be odo- 
riferous, and the shrubs yield pepper, frankincense, and 
myrrh, nor would the laser grow only in Gyrene, but in 
all countries and in all places would the same sort of 
plants grow. For the varieties that are found in dif- 
ferent situations and countries arise from the different 
climates, and the power of the sun, sometimes at a less 
and at other times at a greater distance ; the effects of 
which are perceived, not only on the moisture of the 
earth, but on cattle and flocks. And these circumstances 
could not occur, if in every country the quality of the 
land did not depend on the sun's power. In Boeotia on 
the rivers Cephisus and Melas, in Lucania on the 
Crathis, in Troy on the Xanthus, and on the springs and 
rivers of the Clazomenians, £r3rthr8eans, and Laodiceans, 
the cattle, about the time of bearing, at the proper season 
of the year, are daily driven to drink ; and though them- 
selves of a white colour, in some places they bring forth 
yoimg of a brown colour, in others of dark brown, and 
in others of a black colour. Thus the property of a 
beverage, when it enters the body, communicates thereto 
its quality, of whatever sort that may be. Hence in the 
plains of Troy, on the banks of its river, from the flocks 
and cattle being yellow, the Trojans are said to have 
called the river Xanthus. Some sorts of water are 
mortal in their effects : these receive their quality from 
the poisonous moisture of the lands through which they 
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flow. Such is said to be the Neptanian spring at Ter- 
racina, of which those who thoughtlessly drank, lost 
their lives ; hence the ancients are said to have stopped 
it up : and in the country of the Cychri, in Thrace, 
there is a lake, of which not only those who drink, but 
those who bathe therein die. In Thessaly, also, flows a 
spring which no cattle will drink, nor even approach : 
near it a shrub grows, which bears a purple flower. So, 
in Macedonia, where Euripides is interred, from the 
right and left of his tomb two streams unite : on one of 
them travellers usually halt to refresh themselves, on ac- 
count of the excellence of the water : no one, however, 
approaches the stream on the other side of the monu- 
ment, because its effects are said to be mortal. In 
Arcadia, also, the Nonacriail region contains extremely 
cold water, which drops from the mountains and rocks. 
It is called water of the Styx (Srvyos vSwp) ; which neither 
silver, brass, nor iron vessels will hold, because it bursts 
and destroys them. Nothing preserves or contains it 
but the hoof of a mule : indeed it is said to have been 
conveyed, by lolaus the son of Antipater, to the province 
where Alexander was, and to have been the cause of his 
death. In the Cottian Alps is a water which those who 
taste instantly die. In the Faliscan territory, on the 
Via Campana, and in the Cornetan division is a grove 
wherein a spring rises, containing bones of snakes^ 
lizards, and other reptiles. There are other springs 
whose water is acid, as are those of the Lyncestis^ and in 
Italy, of the Yelinus and of the Campana near Theanum, 
and in many other places, which, when drank, have the 
effect of dissolving the stone which forms in the bladder. 
This seems to arise from an acrid and acid moisture 
being under the earth, from whidb the waters acquire 
their acridity; and when introduced into the system, 
dissolve that with which they come in contact whether 
generated by deposition or concretion. That acids will 
have this effect, is clear, from the experiment on an egg, 
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whose shell, when kept therein for some time, will be 
softened and dissolve. Lead, also, which is very flexible 
and heavy, if placed in a vessel and covered with acid, 
and there left open, will be dissolved, and become white 
lead. In the same way brass which is more solid by 
nature, if treated in the same way, will dissolve, and be- 
come verdigrease ; and even pearls and flint stones, 
which neither iron nor fire can destroy, when submitted 
to its action, are dissolved and dissipated by an acid. 
With these facts before our eyes, we may fairly argue, 
that calculous disorders may be cured by acids, on ac- 
count of their acridity. Some springs appear to be 
mixed with wine ; as that in Paphlagonia, which, when 
taken, inebriate as wine. At ^qui, in Italy, and in the 
territory of the Medulli on the Alps, there is a species 
of water, the use of which produces swellings of the 
neck. In Arcadia, at the well-known city of Clitorium, 
is a cave flowing with water, of which those who drink 
become abstemious. At the spring is an epigram in- 
scribed on stone, in Greek verses, to the following 
eflect: that it is not fit for bathing, and also that it is 
injurious to the vine, because, near the spot, Melampus 
cured the daughters of Prcetus of their madness, and re- 
stored them to reason. The epigram is as follows : 

Rustic, by Clitor's stream who tak'st thy way, 
Should thirst oppress thee in the noon of day 
Drink at this fount, and in the holy keep 
Of guardian Naiads lead thy goats and sheep. 
But dip not thou thy hand, if wine inflame. 
Lest e*en the vapour chill thy fever'd frame ; 
Fly thou my sober spring. Melampus here 
Cleansed the mad Proetides: what time the seer 
Arcadia's rugged hills from Argos sought, 
With purifying power my stream was fraught. 

There is also in the island of Chios, a fountain, of which 
those who imprudently drink become foolish ; and there- 
over is incribed an epigram to the following purport ; 
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that though the water of the fountain might be pleasant 
to the taste, yet he who drank of it would lose his senses. 
The lines are thus : 

Sweet drops of cooling draught the spring supplies, 
But whoso drinks, his reason petrifies. 

At Susa, the capital of Persia, there is a fountain at which 
those who drink lose their teeth. On this also is writ- 
ten an epigram, stating that the water was excellent for 
washing, but that if drank it caused the teeth to fall out 
of their sockets. The verses are as follow : 

A dreaded spring you see, 

Yet if their hands, good stranger. 
Folks choose to wash, they're free 

To do so without danger ; 
But if from your tongue's tip. 
Just passing from the lip 
Into your hollow venter. 
This liquor pure should enter, 
Your tools for munching meat 

Straight on the ground will tumble. 
And leave their empty seat 

With toothless jaws to mumble. 



CHAPTER IV. 
OF THE QUALITIES OF WATERS IN CERTAIN PLACES. 

The quality of the water, in some places, is such, that it 
gives the people of the country an . excellent voice for 
singing, as at Tarsus, Magnesia, and other countries. 
In Africa there is a city called Zama, which king Juba 
surrounded with double walls, and built a palace there ; 
about twenty miles from which, is the town of Ismuc, 
whose territory is of vast extent. Though Africa is the 
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nursing mother of wild animals, and especially of ser- 
pents, in that territory none breed, and if any are 
brought there they immediately die ; and if earth from 
this place be removed to another, it has the same effect. 
This sort of earth is also found in the Balearic Isles, 
where, as I have heard, it has even a more extraordinary 
quahty. C. Julius, the son of Masinissa, to whom the 
town and territory belonged, fought under Csesar the 
elder. Lodging in my house, our daily intercourse led 
us to discuss subjects of philology. On an occasion 
talking on the power of water and its virtues, he assured 
me that in the above territory there were springs of the 
same sort, and that persons bom there had excellent 
voices for singing; and that on this account persons 
went to the transmarine market to buy male and female 
slaves, whom they coupled for the purpose of procuring 
progeny, not only of excellent voice, but of great beauty. 
Thus has nature exhibited variety in all things, except 
the human body, which in every instance consists of 
earth ; but therein are many sorts of fluids, as blood, 
milk, perspiration, urine,^and tears. Wherefore, if in so 
small a portion of earth such variety exists, it is not sur- 
prising, that in the whole world an infinite variety of 
liquids are found, through whose veins a spring of water 
passing, becomes impregnated with their quality before 
arriving at its head. Hence exist so many fountains of 
different sorts, arising, as well from the diversity of their 
situations, as from the quality of the coimtries, and the 
properties of the soils. Of some of these things I have 
been an eye-witness; of others I have read in Greek 
books, whose authors are Theophrastus, Timseus, Posi- 
donius, Hegesias, Herodotus, Aristides, and Metrodorus, 
who, with the greatest cftre and accuracy have described 
how the properties of places and the virtues of different 
waters, depend on the various climates of the earth. 
From these I have borrowed and copied into this book 
all that I thought necessary respecting the varieties of 
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water, whereby, from the directions given, persons can 
more readily choose springs from which they may conduct 
water to cities and state3, inasmuch as nothing is more 
necessary than water, i'or such is the nature of all 
animals, that if they do not receive a supply of grain, 
they can subsist on fruits, flesh, or fish, or something of 
those sorts ; but without water, neither the body of an 
animal, nor even food itself can be raised, preserved, nor 
provided. The utmost diligence and labour, therefore, 
should be used in choosing springs, on which the health 
of mankind depends. 



CHAPTER V. 

OF THE MEANS OF JUDGING OF WATER. 

The trial and proof of water are made as follows. If it 
be of an open and running stream, before we lay it on, 
the shape of the limbs of the inhabitants of the neigh- 
bourhood should be looked to and considered. If they 
are strongly formed, of fresh colour, with sound legs, 
and without blear eyes, the supply is of good quality. 
Also, if digging to a fresh spring, a drop of it be thrown 
into a Corinthian vessel made of good brass, and leave 
no stain thereon, it will be found excellent. Equally 
good that water will be, which, after boiling in a caul- 
dron, leaves no sediment of sand or clay on the bottom. 
So if vegetables are quickly cooked over the fire in a 
vessel fiill of this water, it shows that the water is good 
and wholesome. Moreover, if the water itself, when in 
the spring is limpid and transparent, and the places 
over which it runs do not generate moss, nor reeds, nor 
other filth be near it, every thing about it having a clean 
appearance, it will be manifest by these signs, that such 
water is light and exceedingly wholesome. 
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CHAPTER VI. 

OF LEVELLING, AND THE INSTRUMENTS USED FOR 

THAT PURPOSE. 

I SHALL now describe how water is to be conveyed to 
houses and cities, for which purpose levelling is ne- 
cessary. This is performed either with the dioptra, the 
level (libra aquaria), or the chorobates. The latter in- 
strument is however the best, inasmuch as the dioptra 
and level are often foimd to be incorrect. The choro- 
bates is a rod about twenty feet in length, having two 
legs at its extremities of equal length and dimensions, 
and fastened to the ends of the rod at right angles with 
' it; between the rod and the legs are cross pieces fas- 
tened with tenons, whereon vertical lines are correctly 
marked, through which corresponding plumb lines hang 
down from the rod. When the i^d is set, these will 
coincide with the lines marked, and show that the in- 
strument stands level. But if the wind obstructs the 
operation, and the lines are put in motion, so that one 
cannot judge by them, let a channel be cut on the top 
of the rod five feet long, one inch wide, and half an inch 
high, and let water be poured into it; if the water touch 
each extremity of the channel equally, it is known to be 
level. When the chorobates is thus adjusted level, the 
declivity may be ascertained. Perhaps some one who 
may have read the works of Archimedes will say that a 
true level cannot be obtained by means of water, because 
that author says, that water is not level, but takes the 
form of a spheroid, whose centre is the same as that of 
the earth. Whether the water have a plane or sphe- 
roidal surface, the two ends of the channel on the rod 
right and left, when the rod is level, will nevertheless 
sustain an equal height of water. If it be inclined to- 
wards one side, that end which is highest will not suffer 
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the water to reach to the edge of the channel on the 
rule. Hence it follows, that though water poured in 
may have a swelling and curve in the middle, yet its ex- 
tremities to the right and left will be level. The figure 
of the chorobates will be given at the end of the book. 
If there be much fall, the water will be easily conducted, 
but if there be intervals of uneven ground, use must be 
made of substructions. 



CHAPTER VII. 

OF CONDUCTING WATER. 

Water is conducted in three ways, either in streams by 
means of channels built to convey it, in leaden pipes or 
in earthen tubes, according to the following rules. If in 
channels, the structure must be as solid as possible, and 
the bed of the channel must have a fall of not less than 
half a foot to a length of one hundred. These channels 
are arched over at top, that the sun may strike on the 
•water as little as possible. When they are brought home 
to the walls of the city a reservoir (castellum) is built, 
with a triple cistern attached to it to receive the water. 
In the reservoir are three pipes of equal sizes, and so con- 
nected that when the water overflows at the extremities, 
it is discharged into the middle one, in which are placed 
pipes for the supply of thepools and fountains ; in the 
second those for the supply of the baths, thus affording a 
yearly revenue to the people ; in the third, those for the 
supply of private houses. This is to be so managed that 
the water for public use may never be deficient, for that 
cannot be diverted if the mains from the heads are 
rightly constructed. I have made this division in order 
that the rent which is collected from private individuals 
who are supplied with water, may be applied by the col- 
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lectors to the maintenance of the aqueduct. If hills 
intervene between the city walls and the spring head, 
tunnels under ground must be made preserving the fall 
above assigned; if the groimd cut through be sandstone 
or stone, the channel may be cut therein, but if the soil 
be earth or gravel, side walls must be built, and an arch 
turned over, and through this the water niay be con- 
ducted. The distance between the shafts over the tun- 
nelled part is to be one hundred and twenty feet. If 
the water is to be brought in leaden pipes, a reservoir is 
first made near the spring, from whence to the reservoir 
in the city, pipes are laid proportioned to the quantity of 
water. The pipes must be made in lengths of not less 
than ten feet: hence if they be one hundred inches 
wide (centenarise), each length will weigh twelve hun- 
dred pounds ; if eighty inches (octogenarise), nine 
hundred and sixty pounds; if fifty inches (quinqua- 
genariae), six hundred pounds ; if forty inches (quadra- 
genarise), four hundred and eighty pounds; if thirty 
inches (tricenariee), three hundred and sixty pounds ; if 
twenty inches (vicenarise), two hundred and forty pounds ; 
if fifteen inches (quinumdenum), one hundred ^d eighty 
pounds ; if ten inches (denum), one hundred and twenty 
pounds ; if eight inches (octonum), ninety-six pounds ; 
if five inches (quinariee), sixty potmds. It is to be ob- 
served that the pipes take the names of their sizes from 
the quantity of inches in vndth of the sheets, before 
they are bent round : thus, if the sheet be fifty inches 
vnde, before bending into a pipe, it is called a fifty-inch 
pipe ; and so of the rest An aqueduct which is made 
of lead, should be thus constructed; if there be a 
proper fall from the spring head to the city, and hills 
high enough to cause an impediment do not intervene, 
the low intervals must be brought to a level by means of 
substructions preserving the fall directed for channel 
aqueducts, or by means of a circuitous course, provided 
it be not too much about ; but if there be long valleys, 
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let it be laid according to the slope of the hill, and when 
it arrives at the bottom, let it be carried level by means 
of a low substruction as great a distance as possible ; 
this is the part called the venter, by the Greeks fcoiXia ; 
when it arrives at the opposite acclivity, the water therein 
being but slightly swelled on account of the length of 
the venter, it may be directed upwards. If the venter 
were not made use of in valleys, nor the level substruc- 
tion, but instead of that the aqueduct were brought to 
an elbow, the water would burst an^ji destroy the joints 
of the pipes. Over the venter long stand pipes should 
be placed, by means of which, the violence of the air 
may escape. Thus, those who have to conduct water 
through leaden pipes, may by these rules, excellently 
regulate its descent, its circuit, the venter, and the com- 
pression of the air. It will moreover be expedient, when 
the level of the fall from the spring is obtained, to build 
reservoirs at distances of twenty thousand feet from each 
other, because if damage occur to any part, it will not 
then be necessary to take the whole work to pieces, and 
the defective places will be more easily found. These 
reservoirs, however, are not to be made on a descent, 
nor on the venter, nor on a rise, nor, generally speak- 
ing, in valleys, but only on plains. But if the water 
must be conveyed more economically, the following means 
may be adopted. Thick earthen tubes are to be pro- 
vided, not less than two inches in thickness, and tongued 
at one end, so that they may fit into one another. The 
joints are then to be coated with a mixture of quick lime 
and oil, and in the elbows made by the level part of the 
venter, instead of the pipe, must be placed a block of 
red stone, which is to be perforated, so that the last 
length of inclined pipe, as well as the first length of 
the level part may be received into it. Then, on the op- 
posite side, where the acclivity begins, the block of red 
stone receives the last length of the venter, and the 
first length of the rising pipe. Thus adjusting the 
direction of the tubes, both in the descents and acclivi- 
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ties, the work will never be dislodged. For a great rush 
of air is generated in an aqueduct, strong enough to 
break even stones, unless the water is softly and spar- 
ingly let down from the head, and unless in elbows or 
bending joints it be restrained hy means of ligatures, or 
a weight of ballast. In other respects it is similar to 
one with leaden pipes. When the water is first let down 
from the head, ashes are put in which will stop those 
joints not sufficiently coated. Earthen pipes have these 
advantages, first as to the work ; next, that if damaged 
any one can repair it. Water conducted through earthen 
pipes is more wholesome than that through lead ; indeed 
that conveyed in lead must be injurious, because from it 
white lead is obtained, and this is said to be injurious to 
the human system. Hence, if what is generated from it 
is pernicious, there can be no doubt that itself cannot be 
a wholesome body. This may be verifi^ by observing 
the workers in lead, who are of a pallid colour ; for in 
easting lead, the fumes from it fixing on the different 
members, and daily burning them, destroy the vigour of 
the blood ; water should therefore on no account be con- 
ducted in leaden pipes if we are desirous that it should 
be wholesome. That the flavour of that conveyed in 
earthen pipes is better, is shown at our daily meals, for 
all those whose tables are furnished with silver vessels, 
nevertheless use those made of earth, from the purity of 
the flavour being preserved in them. K there be no 
springs from which water can be obtained, it is necessary 
to dig wells, on whidi every care is to be bestowed, and 
the utmost ingenuity and discretion used in the examina- 
tion of the natural indications of the circumstances there- 
about, inasmuch as the different sorts of soil which are 
met with, are many and various. That, like every other 
body, is composed of four elements ; first of earth itself; 
water, whence are the springs; heat, whence sulphur, 
alum, and bitumen are generated; and air, whence arise 
great vapours, which, piercing through the pores to the. 
opening of wells, strike upon the excavators and suffocate 
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them by their natural inflaence, so that those who do 
not immediately escape lose their lives. To avoid this 
the following method may be adopted ; a lighted lamp 
must be lowered; if it continue to bum, a man may 
safely descend, but if the strength of the vapour ex- 
tinguish it, then to the right and left of the well let air 
holes be dug, so that as it were through nostrils, the va- 
pour may pass off. When this is done and we come to 
water, the well must be lined with a wall, but in such a 
manner as not to shut out the springs. If the soil be 
hard, and there be no veins of water found at the bottom, 
we must then have recourse to cisterns made of cement, 
in which water is collected from roofs and other high 
places. The cement is thus compounded ; in the first 
place, the purest and roughest sand that can be had is to 
be procured ; then material must be prepared of broken flint 
whereof no single piece is to weigh more than a pound, the 
lime must be very strong, and in making it into mortar, 
five parts of sand are to be added to two of lime, the flint 
work is combined with the mortar, and of it the walls in 
the excavation are brought up from the bottom, and 
shaped by wooden bars covered with iron. The walls 
being shaped, the earth in the middle is to be thrown 
out as low as the foot of the walls, and when levelled, 
the bottom is to be covered with the same materials to 
the requisite thickness. If these receptacles are made 
in two or three divisions, so that the water may be 
passed from one to another, it will be more wholesome 
for use ; for the mud in it will be thus allowed to sub- 
side, and the water will be clearer, preserve its flavour, 
and be free from smell ; otherwise it will be necessary to 
use salt for purifying it. In this book I have explained 
to my utmost ability the virtues and varieties of waters, 
their use and conveyance, and how their goodness may 
be ascertained; in the following book I intend to de- 
scribe the principles of gnomonics and the rules of 
dialling. 
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INTRODUCTION. 

The ancestors of the Greeks held the celehrated wrest- 
lers who were victors in the Olympic, Pythian, Isthmian 
and Nemean games in such esteem, that, decorated with 
the palm and crown, they were not only puhlicly thanked, 
bat were also, in their tnmnphant return to their 
respective homes, borne to their cities and countries 
in four horse chariots, and were allowed pensions for 
life from the public revenue. When I consider these 
circumstances, I cannot help thinking it strange that 
similar honours, or even greater, are not decreed to those 
authors who are of lasting service to mankind. Such 
certainly ought to be the case ; for the wrestler, by 
training, merely hardens his own body for the conflict ; 
a writer, however, not only cultivates his own mind, but 
affords every one else the same opportunity, by laying 
down precepts for acquiring knowledge, and exciting the 
talents of his reader. What does it signify to mankind, 
that Milo of Crotona, and others of this class, should 
have been invincible, except that whilst living they were 
ennobled by their fellow countrymen? On the other 
hand the doctrines of Pythagoras, Democritus, Plato, 
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Aristotle, and other sages, tlie result of their daily appli- 
cation, and nndeviating industry, still continue to yield, 
not only to their own country, but to all nations, fresh 
and luscious fruit, and they, who from an early age are 
satiated therewith, acquire the knowledge of true sci- 
ence, civilize mankind, and introduce laws and justice, 
without which no state can long exist. Since, therefore, 
individuals as well as the public are so indebted to these 
writers for the benefits they enjoy, I think them not 
only entitled to the honour of palms and crowns, but 
even to be numbered among the gods. I shall produce 
in illustration, some of their discoveries as examples, 
out of many, which are of utility to mankind, on the ex- 
hibition whereof it must be granted without hesitation 
that we are bound to render them our homage. The 
first I shall produce will be one of Plato, which will be 
found of the greatest importance, as demonstrated by 
him. 



CHAPTER L 

OF THE METHOD OF DOUBUNG THE ATIEA OF A 

SQUAKE. 

If there be an area or field, whose form is a square, and 
it is required to set out another field whose form is also 
to be a square, but double in area, as this cannot be ac- 
complished by any numbers or multiplication, it may be 
found exactly by drawing lines for the purpose, and the 
demonstration is as follows. A square plot of ground 
ten feet long by ten feet wide, contains an hundred feet ; 
if we have to double this, that is, to set out a plot also 
square, which shall contain two hundred feet, we must 
fiind the length of a side of this square, so that its area 
may be double, that is two hundred feet. By numbers 
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this cannot be done ; for if the sides are made fonrteen 
feet, these multiplied into each other give one hundred 
and ninety-six feet ; if fifteen feet, they give a product of 
two hundred and twenty-five. Since, therefore, we can- 
not find them by the aid of numbers, in the square of 
ten feet a diagonal is to be drawn from angle to angle, so 
that the square may thereby be divided into two equal 
triangles of fifty feet area each. On this diagonal 
another square being described, it will be found, that 
whereas in the first square there were two triangles, each 
containing fifty feet, so in the larger square formed on 
the diagonal there will be four triangles of equal size and 
number of feet to those in the smaller square. In this 
way Plato showed and demonstrated the method of 
doubling the square, as the figure appended explains. 



CHAPTER n. 

OF THE METHOD OF CONSTRUCTING A EIGHT 

ANGLED TBIANGLE. 

PnHAooBAS demonstrated the method of forming a 
right angle without the aid of the instruments of arti- 
ficers : and that which they scarcely, even with great 
trouble, exactly obtain, may be performed by his rules 
with great facility. Let three rods be procured, one 
three feet, one four feet, and the other five feet long ; 
and let them be so joined as to touch each other at their 
extremities ; they will then^orm a triangle, one of whose 
angles will be a right angle. For if, on the length of 
each of the rods, squares be described, tbat whose length 
is three feet will have an area of nine feet ; that of four, 
of sixteen feet; and that of five, of twenty-five feet : so 
that the number of feet contained in the two areas of the 
square of three .and four feet added together^ are equal 
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to those contained in the square, whose side is five feet. 
When Pythagoras discovered this property, convinced 
that the Muses had assisted him in the discovery, he 
evinced his gratitude to them hy sacrifice. This propo- 
sition is serviceable on many occasions, particularly in 
measuring, no less than in setting out the staircases of 
buildings, so that each step may have its proper height. 
For if the height from the pavement to the floor above 
be divided into three parts, five of those parts will be the 
exact length of the inclined line which regulates the 
blocks of which the steps are formed. Four parts, each 
equal to one of the three into which the height from the 
pavement to the floor was divided, are set off from the 
perpendicular, for the position of the first or lower step. 
Thus the arrangement and ease of the flight of stairs 
will be obtained, as the figure will show. 



CHAPTER III. 

OF THE METHOD OF DETECTING SILVER WHEN 

MIXED WITH GOLD. 

Though Archimedes discovered many curious matters 
which evince great intelligence, that which I am about 
to mention is the most extraordinary. Hiero, when he 
obtained the regal power in Syracuse, having, on the 
fortimate turn of his affairs, decreed a votive crown of gold 
to be placed in a certain temple to the immortal gods, 
commanded it to be made of great value, and assigned 
an appropriate weight of gold to the manufacturer. He, 
in due time, presented the work to the king, beautifully 
wrought, and the weight appeared to correspond with 
that of the gold which had been assigned for it. But a 
report having been circulated, that some of the gold had 
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been abstracted, and that the deficiency thus caused had 
been supplied by silver, Hiero was indignant at the 
fraud, and, unacquainted with the method by which the 
theft might be detected, requested Archimedes would 
undertake to give it his attention. Charged with this 
commission, he by chance went to a bath, and being 
in the vessel, perceived that, as his body became im- 
mersed, the water ran out of the vessel. Whence, 
catching at the method to be adopted for the solution of 
the proposition, he immediately followed it up, leapt 
out of the vessel in joy, and returning home naked, 
cried out with a loud voice that he had found that of 
which he was in search, for he continued exclaiming, in 
Greek, cvpijica, (I have found it out). After this, he is 
said to have taken two masses, each of a weight equal 
to that of the crown, one of them of gold and the other 
of silver. Having prepared them, he filled a large vase 
with water up to the brim, wherein he placed the mass 
of silver, which caused as much water to run out as 
was equal to the bulk thereof. The mass being then 
taken out, he poured in by measure as much water as 
was required to fill the vase once more to the brim. By 
these means he found what quantity of water was equal 
to a certain weight of silver. He then placed the mass 
of gold in the vessel, and, on taking it out, found that 
the water which ran over was less, because, the mag- 
nitude of the gold mass was smaller than that con- 
taining the same weight of silver. Aft«r again filling 
the vase by measure, he put the crown itself in, and dis- 
covered that more water ran over then than widx the 
mass of gold that was equal to it in weight ; and dxus, 
from the superfluous quantity of water carried over the 
brim by the immersion of the crown, more than that 
displaced by the mass, he found, by calculation, the 
quantity of silver mixed with the gold, and made mani- 
fest the firaud of the manufacturer. Let us now con- 
sider the discoveries of Archytas the Tarentine, and 
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Eratosthenes of Cyrene, who, by the aid of mathema- 
tics, invented many things usefiil to mankind; and 
though for other inventions they are remembered with 
respect, yet they are chiefly celebrated for their solution 
of the following problem. Each of these, by a different 
method, endeavoured to discover the way of satisfying 
the response of Apollo of Delos, which required an 
altar to be made similar to his, but to c<mtain double the 
number of cube feet, on the accomplishment of which, 
the island was to be freed from the anger of the gods. 
Archytas obtained a solution of the problem by the semi- 
cylinder, and Eratosthenes by means of a proportional 
instrument. The pleasures derivable from scientific in- 
vestigations, and the delight which inventions afford 
when we consider their effects, are such that I cannot 
help admiring the works of Democritus, on the nature 
of things, and his commentary, entitled X-tipfrnnn/frwy 
wherein he sealed with a ring, on red wax, the account of 
those experiments he had tried. The discoveries, there- 
fore, of these men, are always at hand, not only to dor- 
rect the morals of mankind, but also to be of perpetual 
advantage to them. But the glory of the wrestler and 
his body soon decay, so that neither whilst in vigour, 
nor afterwards by his instructions, is he of that service 
to society which the learned are by publication of their 
sentiments. Since honours are not awarded for pro- 
priety of conduct, nor for the excellent precepts delivered 
by authors, their minds soaring higher, are raised to 
heaven in the estimation of posterity, they derive immor- 
tality from their works, and even leave their portraits to 
succeeding ages. For, those who are fond of literature, 
cannot help figuring to themselves the likeness of the 
poet Ennius, as th^ do that of any of the gods. So 
also those who are pleased with the vei-ses of Accius, 
think they have himself, not less than the* force of iiis 
expressions, always before them. Many even in after 
ages will fancy themselves contending with Lucretius on 



807 



the nature of things, as with Cicero on the art of rhe- 
toric. Many of our posterity will think that they are in 
discourse with Yarro when they read his work on the 
Latin language : nor will titiere be wanting a number of 
philologers, who, consulting in various cases the Greek 
philosophers, will imagine that they are actually talking 
with them. In short, the opinions of learned men who 
have flourished in all periods, though absent in body, 
have greater weight in our councils and discussions than 
were they even present. Hence, O Osesar, relying on 
these authorities, and using their judgment and opi- 
nions, I have written these books ; the first seven related 
to buildings, the eighth to the conduct of water, and in 
this I propose treating on the rules of dialling, as de- 
dncible from the shadow produced by the rays of the sun 
from a gnomon, and I shall explain in what proportions 
it is lengthened and shortened. 



CHAPTER IV. 

OF THE UNIVERSE AND THE PLANETS. 

It is clearly by a divine and surprising arrangement, 
that the equinoctial gnomons are of different lengths in 
Athens, Alexandria, Home, Piacenza, and in other parts 
of the earth. Hence the construction of dials varies ac- 
cording to the places in which they are to be erected ; 
for from the size of the equinoctial shadow, are fonned 
analemmata, by means of which the shadows of gnomons 
are adjusted to the situation of the pla<;e and the lines 
which mark the hours. By an analemma is meant a rule 
deduced from the sun's course, and founded on observa- 
tion of the increase of the shadow from the winter sol- 
stice, by means of which, with mechanical operations 
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and . the use of compasses, we arrive at an accurate 
knowledge of the true shape of the world. By the 
world is meant the whole system of nature together 
with the firmament and its stars. This continually 
turns round the earth and sea on the extreme points 
of its axis, for in those points the natural power is so 
contrived that they must he considered as centres, one 
ahove the earth and sea at the extremity of the heavens 
by the north stars, the other opposite and below the 
earth towards the south ; moreover in these central 
points as roimd the centres of wheels, which the Greeks 
call iroXoi, the heavens perpetually revolve. Thus the 
earth and sea occupy the central space. Hence from 
the construction, the polar centre is raised above the 
earth in the northern part, whilst that in the southern 
part, which is underneath, is hidden from our view by 
the earth, and through the middle obliquely and in- 
clined to the south, is a large band comprising the 
twelve signs, which, by the varied combination of the 
stars being divided into twelve equal parts, contains 
that number of representations of figures. These are 
luminous, and with the firmament and the other stars 
and constellations, make their circuit roimd the earth 
and sea; all these, visible as well as invisible, have 
their fixed seasons, six of the signs turning above the 
earth, the remaining six below it;, which latter are 
hidden by the earth. Six of them, however, are always 
above the earth ; for the portion of the last sign, which 
by the revolution is depressed below the earth and 
hidden by it, is on the opposite side equal to that of a 
fresh sign emerging from darkness by the force of the 
moving power ; since it is the same power and motion 
which cause the rising and setting at the same moment. 
As these signs are twelve in number, each occupies a 
twelfth part of the heaven, and they move continually 
from east to west : and through them in a contrary 
course, the moon. Mercury, Venus, the sun itself, Mars, 
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Jupiter and Saturn, as if ascending, pass through the 
heavens from west to east in different orbits. The 
moon making her circuit in twenty-eight days and about 
one hour, and thus returning to the sign from which 
she departed, completes the lunar month. The sun, 
in the course of a month, passes through the space 
of one sign which is a twelfdi part of the heavens; 
hence in twelve months going through the twelve signs, 
when he has returned to that sign from which he set 
out, the period of a year is completed : but that circle 
which the moon passes through thirteen times in twelve 
months, the sun passes through only once in the same 
time. The planets Mercury and Venus nearest the rays 
of the sun, move round the sun as a centre, and appear 
sometimes retrograde and sometimes progressive, seeming 
occasionally, from the nature of their circuit, stationary 
in the signs. This may be observed in the planet 
Venus, which when it follows the sun, and appears in 
the heavens with great lustre after his setting, is called 
the evening star; at other times preceding him in the 
morning before sunrise, it is called the morning star. 
Wherefore these planets at times appear as if they re- 
mained many days in one sign, whilst at other times 
they pass rapidly from one to another ; but though they 
do not remain an equal number of days in each sign, the 
longer they are delayed in one the quicker they pass 
through the succeeding one, and thus perform their 
appointed course : in this manner it happens that 
being delayed in some of the signs, when they escape 
from the retention, they quickly pass through the rest 
of their orbit. Mercury revolves in the heavens in 
such a manner, that passing through the several signs 
in three hundred and sixty days, he returns to that sign 
from which he set out, remaining about thirty days in 
each sign. The planet Venus, as soon as she escapes 
from the influence of the sun's rays, runs through the 
space of one sign in forty days ; and what she loses by 
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stopping a long time in one sign, she makes up by ker 
quick passage through others. She completes her circnit 
through the heavens in four hundred and eighty-five 
days ; by which time she has returned to the sign from 
whence she set out. Mars, on about the six hundred, 
and eighty-third day, completes the circuit of the signs, 
and returns to his place ; and if, in any sign, he move 
with a greater velocity, his stationary state in others 
equalizes the motion, so as to bring him round in 
the proper number of days. Jupiter moving also in 
contrary rotation, but with less velocity, takes three 
hundred and sixty days to pass through one sign ; thus 
lengthening the duration of his circuit to eleven years 
and three hundred and twenty-three days before he re- 
turns to the sign in which he was seen twelve years 
before his setting out Lastly, Saturn, remaining thirty- 
one months and some days in each sign, returns to his 
point of departure at the end of twenty-nine years, and 
about one hundred and sixty days, or nearly thirty years- 
Hence, the nearer he is to the extremity of the universe, 
the larger does his circuit appear, as well as the slower 
his motion. All those which make their circuit above 
that of the sun, especially when they are in trine aspect, 
do not advance, but, on the contrary, are retrograde, and 
seem to stop till the sun passes from the trinal sign into 
another. Some are of opinion, that this happens on ac- 
count of their great distance from the sun, on which ac- 
count their paths not being sufficiently lighted, they are 
retarded by the darkness. But I am not of that opinion, 
since the brightness of the sun is perceptible, evident and 
unobscured throughout the system, just as it appears to 
us, as well when the planets are retrograde as when they 
are stationary. If, then, our vision extends to such a 
distance, how can we imagine it possible to obscure the 
glorious splendour of the planets ? It appears more pro- 
bable, that it is the heat which draws and attracts all things 
towards itself : we, in fact, see the heat raise the fruits 
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of the earth to a considerable height, and the spray of 
waters from fountains ascend to the clouds by the rainbow : 
in the same manner the excessive power of the son spread- 
ing his rays in a triangular form, attracts the planets 
which follow him, and, as it were, stops and restrains 
those which precede him, preventing them from leaving 
him, and,nndeed, forcing them to return to him, and to 
remain in the other trinal sign. One may perhaps ask, 
whence it happens that the sun, by its heat, causes a 
detention in the fifth sign from itself, rather than in the 
second or third, which are nearer. This may be thus 
explained. Its rays diverge through the heavens in lines 
which form a triangle whose sides are equal. Those 
sides fall exactly in the fifth sign. For if the rays fell 
circularly throughout the system, and were not bounded 
by a triangular figure, the nearer places would be abso- 
lutely burnt. This seems to have struck the Greek poet, 
Euripides ; for he observes, that those places more dis- 
tant from the sun are more intensely heated than those 
temperate ones that are nearer to him : hence, in the 
tragedy of Phaethon, he says, Kouc rot voppm, ra S'l/yus 
cjlicar ^€1. (The distant places bum, those that are 
near are temperate.) K, therefore, experience, reason, 
and the testimony of an ancient poet, prove it, I do not 
see how it can be otherwise than I have above shown. 
Jupiter performs liis circuit between those of Mars and 
Saturn : thus it is greater than that of Mars, but less 
than that of Saturn. In short, all the planets, the more 
distant they are from the extremity of the heaven, and 
the nearer their orbit is to the earth, seem to move 
swifter ; for those which have a smaller orbit, oflen pass 
those above theml Thus, on a wheel similar to those 
in use among potters, if seven ants be placed in as many 
channels round the centre, which are necessarily greater 
in proportion to their distance therefrom, and the ants 
are forced to make their circuits in these channels, whilst 
the wheel moves round in an opposite direction, they will 
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assuredly complete their circuit, notwitihstanding the 
contraiy motion of the wheel; and, moreover, that 
nearest the centre will perform his journey sooner than 
he who is travelling in the outer channel of the wheel, 
who, though he move with equal velocity, yet, from the 
greater extent of his circuit, will require a longer time 
for its completion. It is even so with the planets, 
which, each in its particular orbit, revolve in a direction 
contrary to the motion of the heavens, although, in their 
diurnal motion, they are carried backwards by its rota- 
tion. The reason why some planets are temperate, some 
hot, and others cold, appears to be this ; that all fire has 
a flame, whose tendency is upward. Hence the sun 
warms, by his rays, the air above him, wherein Mars 
moves, and that planet is therefore heated thereby. Sa- 
turn, on the contrary, who is near the extremity of the 
universe, and comes in contact with the frozen regions 
of the heavens, is exceedingly cold. Jupiter, however, 
whose orbit lies between those of the two just men- 
tioned, is tempered by the cold and heat, and has an 
agreeable and moderate temperature. Of the band com- 
prising the twelve signs, of the seven planets, and their 
contrary motions and orbits, also of the manner and 
time in which they pass from one sign into another, and 
complete their circuits, I have set forth all that I have 
learnt from authors. I vnll now speak of the moon's in- 
crease and wane, as taught by the ancients. Berosus, 
who travelled into Asia from the state or country of the 
Chaldeans, teaching his doctrines, maintained that the 
moon was a ball, half whereof was luminous, and the 
remaining half of a blue colour ; and that when, in its 
course, it approached the sun ; attracted by the rays and 
the force of the heat, it turned its bright side in that 
direction, from the sympathy existing between light and 
light ; whence, when the sun is above it, the lower part, 
which is not luminous, is not visible, from the similarity 
of its colour to the air. When thus perpendicular to 
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the sun's rays, all the light is confined to its upper 
surface, and it is then called the new moon. When it 
passes towards the east, the sun begins to have less ef- 
fect upon it, and a thin line on the edge of its bright side 
emits its splendour towards the earth. This is on the 
second day : and thus, from day to day, advancing in 
its circuit, the third and fourth days are numbered : but, 
on the seventh day, when the sun is in the west, the 
moon is in the middle, between the east and the west ; 
and being distant from the sun half the space of the 
heavens, the luminous half side will be towards the 
earth. Lastly; when the sim and the moon are the 
whole distance of the heavens from each other, and the 
former, passing towards the west, shines full on the 
moon behind it in the east, being the fourteenth day, it 
is then at the greatest distance from its rays, and the 
complete circle of tJie whole orb emits its light. In the 
remaining days it gradually decreases till the completion 
of the lunar month, and then returns to re-pass under 
the sun; its monthly rays being determined by the 
number of days. I shall now subjoin what Aristarchus, 
the Samian mathematician, learnedly wrote on the sub- 
ject, though of a different nature. He asserted, that the 
moon possesses no light of its own, but ii^ similar to a 
speculum, which receives its splendour from the sun's 
rays. Of the planets, the moon makes the smallest 
circuit, and is nearest to the earth ; whence, on the first 
day of its monthly course, hiding itself under the sun, 
it is invisible ; and when thus in conjunction with the 
sun, it is called the new moon. The following day, 
which is called the second, removing a little from the 
sun, it receives a small portion of light on its disc. 
When it is three days distant from him, it has increased, 
and become more illuminated; thus daily elongating 
from him, on the seventh day, being half the heavens 
distant from the western sun, one half of it shines, 
namely, that half which is lighted by the sun. On the 
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fonrteenth day, being diametricallj opposite to the sun, 
and the whole of the heavens distant from him, it 
becomes full, and rises as the sun sets ; and its distance 
being the whole extent of the heavens, it is exactly 
opposite to, and its whole orb receives, the light of 
the sun. On the seventeenth day, when the sun rises, 
it inclines towards the west; on the twenty-first day, 
when the sun rises, the moon is about mid-heaven, 
and the side next the sun is enlightened, whilst the 
other is in shadow. Thus advancing every day, about 
the twenty-eighth day it again returns under the rays of 
the sun, and completes its monthly rotation. I will 
now explain how the sun, in his passive through a sign 
every month, causes the days and hours to increase and 
diminish. 



CHAPTER V. 

OF THE SUN'S COURSE THROUGH THE TWELVE 

SIGNS. 

Whbn the sun has entered the sign of Aries, and run 
through about an eight part of it, it is the vernal equi- 
nox. When he has arrived at the tail of Taurus and 
the Pleiades, for which the fore part of the Bull is con- 
spicuous, he has advanced in the heavens more than half 
his course towards the north. From Taurus, he enters 
into Gemini, at the time when the Pleiades rise, and 
being more over the earth increases the length of the 
days. From Gemini entering into Cancer, which occupies 
the smallest space in the heavens, and coming to the 
eighth division of it he determines the solstice, and mov- 
ing forward arrives at the head and breast of Leo, which 
are parts properly within the division assigned to Cancer. 
From the breast of Leo and the boundaries of Cancer, 
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the sun moving through the ot^er parts of Leo, has by 
that time diminished the length of the day, as well as of 
his circuit, and resumes the equal motion he had when 
in Gemini. Hence from Leo passing to Virgo and pro- 
ceeding to the indented part of her garment, he contracts 
his circuit, which is now equal to that which it had in 
Taurus. Proceeding then from Virgo through the in- 
dentation which includes the beginning of Libra, in the 
eighth part of that sign, the autumnal equinox is com- 
pleted ; the circuit being then equal to that in the sign 
Aries. When the sun enters into Scorpio at the setting 
of the Pleiades, he diminishes, in passing to the southern 
parts, the length of the days ; and from Scorpio passing 
to a point near the thighs of Sagittarius, he makes a 
shorter diurnal circuit. Then beginning from the thighs 
of Sagittarius, which are in Capricomus, at the eighth 
part of the latter he makes the shortest course in the 
heavens. This time from the shortness of the days, is 
called Bruma (winter) and the days Brumales. From 
Capricomus passing into Aquarius, the length of the 
days is increased to that of those when he was in Sagit. 
tarius. From Aquarius he passes into Pisces at the time 
that the west wind blows ; and his course is equal to that 
he made in Scorpio. Thus the sun travelling through 
these signs at stated times, increases and diminishes the 
duration of the days and hours. I shall now treat of 
the other constellations on the right and left of the 
zodiac, as well those on the south as on tha north side of 
the heavens. 
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CHAPTER VI. 

OF THE NORTHEKN CONSTELLATIONS. 

The Great Bear, which the Greeks call dpicro^, and also 
cXt/07, has his keeper behind him. Not far distant is the 
constellation of the Virgin, on whose right shoulder is a 
very brilliant star, called by us Provindemia Major, and by 
the Greeks wporpvyeros, which shines with extraordinary 
lustre and colour. Opposite to it is another star, between 
the knees of the Keeper of the Bear, which bears the 
name of Arcturus. Opposite the head of the Bear, 
across the feet of the Twins, is Auriga (the charioteer) 
standing on the point of the horns of the Bull, and on 
one side, above the left horn towards the feet of Auriga, 
there is a star called the hand of Auriga ; on the other 
side the Goat's Kids and the Goat over the left shoulder. 
Above both the Bull and the Ram stands Perseus, which 
on the right extends under the bottom of the Pleiades, 
on the left towards the head of the Ram ; his right hand 
rests on the head of Cassiopeia, the left holding the 
Gorgon's head by its top over the Bull, and laying it at the 
feet of Andromeda. Above Andromeda are the Fishes, 
one under her belly, and the other above the back of the 
Horse ; the brilliant star in the belly of the Horse is 
also in the head of Andromeda. The right hand of 
Andromeda is placed on the figure of Cassiopeia, the left 
upon the north eastern fish. Aquarius stands on the 
head of the horse ; the ears of the horse turn towards 
the knees of Aquarius, and the middle star of Aquarius 
is also common to Capricomus. Above on high are the 
Eagle and the Dolphin, and near them Sagitta. On the 
side is the Swan, the right wing of which is turned 
towards the hand and sceptre of Cepheus, the left leans 
on Cassiopeia, and under the tail of Avis the feet of the 
horse are hidden. Above Sagittarius, Scorpio, and Libra, 
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comes the Serpent, the point of whose snout touches the 
Crown ; in the middle of the Serpent is Ophiuchus, 
who holds the Serpent in his hands, and witih his left 
foot treads on the head of the Scorpion. Near the mid- 
dle of the head of Ophiuchus is the head of the Kneeler ; 
their heads are easily distinguished from being marked 
with luminous stars. The foot of the Kneeler is placed 
on the temple of the Serpent, which is entwined between 
the two northern bears, called Septentriones. The Dol- 
phin is a short distance from them. Opposite the bill 
of the Swan is the Lyre. The Crown lies between the 
shoulders of the Keeper and the Kneeler. In the northern 
circle are two Bears, with their shoulders and breasts in 
opposite directions ; of these the Less is called icwoo-oupo, 
and the Larger Ikucrj by the Greeks. Their heads are 
turned downwards, and each of their tails is towards the 
other's head, for both their tails are raised, and that 
which is called the polestar, is that near the tail of the 
Little Bear. Between these tails, as we have before 
atated, extends the Serpent, who turns round the head 
of that nearest to him, whence he takes a folding direc- 
tion round the head of the smaller bear, and then 
spreading under his feet, and rising up, returns and 
folds from the head of the Less to the Greater Bear, 
with his snout opposite and showing the right temple of 
his head. The feet of Cepheus are also on the tail of 
the Small Bear; towards which part more above our 
heads, are the stars which form the equilateral triangle 
above Aries. There are many stars common to the 
Lesser Bear and Cepheus. I have enumerated the 
constellations which are in the heavens to the right of 
the east between the zodiac and the north. I shall now 
describe those which are distributed on the southern side 
to the left of the east. 
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CHAPTER VII. 

OF THE SOUTHEBN CONSTELLATIONS. 

First, under Capricomus is the southern Fish looking 
towards the tail of the Whale. Between it and Sagit- 
tarius is a vacant space. The Altar is under the sting 
of Scorpio. The fore parts of the Centaur are near 
Libra and Scorpio, and he holds in his hand that con- 
stellation which astronomers call the Beast. Near Virgo, 
Leo, and Cancer, the Snake stretches through a range 
of stars, and with its foldings encircles the region of 
Cancer, raising its snout towmnls Leo and on the middle 
of its body supporting the cup ; its tail extends towards 
the hand of Virgo, and upon that is the Crow ; the stars 
on its back are all equally luminous. Under its belly, 
at the tail, is the Centaur. Near the cup and Leo is the 
ship Argo, whose prow is hidden, but the mast and parts 
about the steerage are clearly seen. The Ship and its 
poop touch the tip of the Dog's tail. The smaller Dog 
is behind the Twinfi at the head of the Snake, and the 
larger follows the smaller Dog. Orion lies transversely 
under, pressed on by the hoof of the Bull, holding a 
shield in his left hai^d and with the club in his right 
hand raised towards Gemini ; near his feet is the Dog at 
a short distance following the Hare. Below Aries and 
Pisces is die Whale, from whose top to the two Fishes a 
small graup of stars, which the Greeks call "Ep/Ai/Sovi}, 
regularly ^tends, and this ligature of the Fishes twisting 
considerftbly inwards, at one part touches the top of the 
Whale. A river of stars, in the shape of the river Po, 
begins from the left foot of Orion. The water that runs 
from Aquarius takes its course between the head of the 
southern Fish and the tail of the Whale. I have ex- 
plained the constellations displayed and formed in the 
heavens by nature with a divine intelligence, according 
to the system of the philosopher Democntus, confining 
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myself to those whose rising and setting are visihle. 
Some, however, such a6 the two Bears turning round the 
pole, never set nor pass under the earth. So also, 
the constellations ahout the south pole, which from the 
obliquity of the heavens are under the earth, are always 
hidden, and their revolution never brings them above 
the horizon. Whence the interposition of the earth 
prevents a knowledge of their forms. The constellation 
Canopus proves this, which is unknown in these coun- 
tries, though well known to merchants who have tra- 
velled to the extremity of Egypt and other boundaries of 
the earth. I have described the true circuit of the 
heavens about the earth, the arrangement of the twelve 
signs, also that of the northern and southern constella- 
tions, because therefrom, from the opposite course of the 
sun through the signs, and from the shadows of gno- 
mons at the equinoxes, are formed the diagrams of ana- 
lemmata. The rest which relates to astrology, and the 
effects produced upon human life by the twelve signs, 
the five planets, the sun and the moon, must be left to 
the discussions of the Chaldeans, whose profession it is 
to cast nativities, and by means df the configurations of 
the stars to explain the past and the future. The talent, 
the ingenuity, and reputation of those who come from 
the country of the Chaldeans, are manifest from the dis- 
coveries they have left us in writing. Berosus was the 
first of them. He settled in the ishmd and state of Cos, 
and there established a school. Afterwards came Anti- 
pater and Achinapolus, which latter not only gave rules 
for predicting a man's fate by a knowledge of the time of 
his birth, but even by that of the moment wherein he 
was conceived. In respect of natural philosophy Thales 
the Milesian, Anaxagoras of ClazomensB, Pythagoras the 
Samian, Xenophanes of Colophon, Democritus the Ab- 
derite, have published systems which explain the mode 
in which Nature is regulated, and how every effect Jb 
produced. Eudoxus, Endsemon, CaUippus, Melo, Philip, 
Hipparchus, Aratus, and others, following in the steps 



S30 



of the preceding, found, by the nse of instruments, the 
times of the rising and setting^ of the stars and the 
changes of the seasons, and left treatises thereon for 
the use of posterity. Their learning will be admired 
by mankind, because, added to the above, they appear as 
if by divine inspiration to have foretold the weather 
at particular seasons of the year. For a knowledge of 
these matters reference must therefore be made to their 
labours and investigation. 



CHAPTER VIII. 

OF THE CONSTKUCTION OF DIALS IBY THE 

ANALEMMA. 

Fbom the doctrines of the philosophers above mentioned, 
are extracted the principles of dialling, and the explana- 
tion of the increase and decrease of the days in the dif- 
ferent months. The sun at the times of the equinoxes, 
that is when he is in Aries or Libra, casts a shadow in 
the latitude of Eome equal to eight-ninths of the length 
of the gnomon. At Athens the length of the shadow is 
three-fourths of that of the gnomon. At Rhodes five- 
sevenths ; at Tarentum nine-elevenths ; at Alexandria 
three-fifths ; and thus at all other places the shadow of 
the gnomon ai the equinoxes natu^jally differs. Hence 
in whatever place a dial is to be erected, we must first 
obtain the equinoctial shadow. If, as at Rome, the 
shadow be eight-ninths of the gnomon, let a line be 
drawn on a plane surface, in the centre whereof is raised 
a perpendicular thereto ; this is called the gnomon, and 
from the line on the plane in the direction of the gno- 
mon, let nine equal parts be measured. Let the end of 
the ninth part A, be considered as a centre, and extend- 
ing the compasses from that centre to the extremity B 



6f the said line, let a circle be described. This is called 
the meridian. Then of those nine parts between the 
plane and the point of the gnomon, let eight be allotted 
to the line on the plane, whose extremity is marked C. 
This will be the equinoctial shadow of the gnomon. 
From the point C through the centre A let a line be drawn, 
and it will represent a ray of the sun at the equinoxes* 
Extend the compasses from the centre to the line on 
the plane, and mark on the left an equidistant point 
E, and on the right another, lettered I\ and join them 
by a line through the centre, which will divide the circle 
into two semicircles. This line by mathematicians is 
called the horizon. A fifteenth part of the whole cir- 
cumference is to be then taken, and placing the point of 
the compasses in that point of the circumference F, 
where the equinoctial ray is cut, mark with it to the 
right and left the points G and H. From these, through 
the centre, draw lines to the plane where the letters T 
and E are placed, thus one ray of the sun is obtained 
for the winter, and the other for the summer. Opposite 
the point E, will be found the point I, in which a line 
drawn through the centre, cuts the circumference ; and 
opposite to G andH the points K and L, and opposite to 
C, F, and A, will be the point N. Diameters are then 
to be drawn from G to L, and from H to K. The lower 
one will determine the summer, and the upper the 
winter portion. These diameters are to be equally di- 
vided in the middle at the points M and O, and the 
points being thus marked, through them and the centre 
A a line must be drawn to the circumference, where the 
letters P and Q are placed. This line will be perpendi- 
cular to the equinoctial ray, and is called in mathe- 
matical language, the Axon. From the last obtained 
points as centres (M and 0) extending the compasses to 
the extremity of the diameter, two semicircles are to 
be described, one of which will be for summer, the other 
for winter. In respect of those points where the two 
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parallels cat that line which is called the horizon ; on 
the right hand is placed the letter 8, and on the left the 
letter V, and at the extremity of the semicircle, lettered 
G, a line parallel to the Axon is drawn to the extremity 
on the left, lettered H. This parallel line is called La- 
cotomus. Finally, let the point of the compasses he 
placed in that point where this line is cut by the equi- 
noctial ray, and letter the point X, and let the other 
point he extended to that where the summer ray cuts the 
circumference, and be lettered H. Then with a distance 
equal to that froxa the summer interval on the equinoc- 
tial point, as a centre, describe the circle of the months, 
which is called Manacus. Thus will the analemma be 
completed. Haying proceeded with the diagram and its 
formation, the hour lines may be projected on the ana- 
lemma according to the place, either by winter lines, or 
summer lines, or equinoctial lines, or lines of the months, 
and as many varieties and species of dials as can be 
desired, may be constructed by this ingenious method. 
In all the figures and diagrams the effect will be the 
same, that is to say, the equinoctial as well as the sol- 
stitial days, will always be divided into twelve equal 
parts. These matters, however, I pass over, not from 
indolence, but to avoid prolixity. I will merely add, by 
whom the different species and figures of dials were in- 
vented ; for I have not been able to invent a new sort, 
neither will I pass off the inventions of others as my 
own. I shall therefore mention those of which I have 
any information, and by whom they were invented. 
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CHAPTER DL 

OF VARIOUS DIALS, AND THEIR INVENTORS. 

Bbbosus the Glialdean, was the inventor of the semi- 
circle, hollowed in a square, and inclined according to 
the climate. Aristarchus the Samian, of the Scaphe or 
Hemisphere, as also of the discus on a plane. The 
Arachne was the invention of Endozns the astrologer, 
though some attribute it to ApoUonius. The Plinthium 
or Lacunar, an example of which is to be seen in the 
Circus Flaminius, was invented by Scopas the Syracusan. 
The sort called IIpos rk urropoufAtya, by Parmenio. That 
called IIpos irav xXifia, by Theodosius and Andrias. The 
Pelicinon by Patrocles. The Cone by Dionysodorus. 
The Quiver by ApoUonius. The persons above men- 
tioned not only invented other sorts ; but the inventions 
of others have come down to us, such as the Gonarche, 
the Engonatos, and the Antiboreas. Many also have left 
instructions for constructing the portable pendulous diaL 
When any one understands the formation of the anar 
lemma, he will be enabled, by reference to their writings, 
to suit them to any place. By the same writers have 
been discovered the method of making water- dials. 
Ctesibius Alexandrinus was the first who found out the 
properties of the wind, and of pneumatic power, the 
origin of which inventions is worthy of being known. 
Ctesibius, whose father was a barber, was bom at Alex- 
andria. Endowed with extraordinary talent and industry, 
he acquired great reputation by his taste for his me- 
chanical contrivances. Wishing to suspend a mirror in 
his father's shop, in suth a way that it might be easily 
rused and lowered by means of a concealed cord, he 
used the following expedient Fixing a wooden tube 
under the beam, he attached pulleys to it upon which the 
cord passed and made an angle in descending into the 
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wood which he had hollowed out : there he placed small 
tubes, within which a leaden ball attached to the cord 
was made to descend. It happened that the weight, in 
passing through the narrow parts of the tube, pressed 
on the inclosed air, and violently driving out at its 
laouth the quantity of air compressed in the tubes, pro- 
duced by obstruction and contact a distinct sound* 
Ctesibius having thus observed that by the compression 
and concussion of the air, sounds might be produced, 
he made use of the discovery in his application of it to 
^hydraulic machines, to those automata which act by the 
power of inclosed water, to lever and turning engines^ 
and to many other entertaining devices, but principally 
to water dials. First he made a perforation in a piece 
of gold or a smooth gem, because these materials are 
not liable to be worn by the action of the' water, nor to 
collect filth, by which the passage of the water might be 
obstructed : the water flowing through the hole equably, 
raises an inverted bowl, called by the workmen phellos» 
or the tympanum, with which are connected a rule and 
revolving drum wheels with perfectly equal teeth, which 
teeth, acting on one another, produce revolutions and 
measured motion. There are other rules and other 
wheels, toothed in a similar jnanner, which acted upon 
by the same force in their revolutions, produce dif* 
ferent species of motion, by which figures are made 
to move, cones are turned round, stones or oviform 
bodies are ejected, trumpets sounded, and similar con- 
ceits effected. On these also, either on columns or 
pillars, the hours are marked, to which a figure, holding 
a wand and rising from the lower part, points through- 
out the day, the increase and decrease whereof is dsdlj 
&nd monthly adjusted, by adding or taking away certain 
wedges. To regulate the flow of the water, stoppers are 
thus formed. Two cones are prepared, one convex, the 
other concave, and rounded so as to fit exactly into each 
other. A rod, by elongating these, or bringing them 
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together, increases or diminishes the flow of water into 
the vessel. In this manner, and according to the prin- 
ciples of this machine, water-dials for winter are con- 
structed. If the addition or removal of the wedges 
should not be attended by a correspondent increase or 
decrease in the days, for the wedges are frequently im- 
perfect, it is to be thus remedied. Let the hours from 
the analemma be placed on the column transversely, and 
let the lines of the months be also marked thereon. 
The column is to turn round, so that, in its continual 
revolution, the wand of the figure, as it rises, points to 
the hours, and, according to the respective months, 
makes the hours long or short. Other kinds of winter- 
dials are made, which are called Anaporica. They are 
constructed as follows. With the aid of the analemma 
the hours are marked by brazen rods on their face, 
beginning from the centre, whereon circles are drawn, 
showing the limits of the months. Behind these rods a 
wheel is placed, on which are measured and painted the 
heavens and the zodiac with the figures of the twelve 
celestial signs, by drawing lines from the centre, which 
mark the greater and smaller spaces of each sign. On 
the back part of the middle of the wheel is fixed a re- 
volving axis, round which a pliable brass chain is coiled, 
at one of whose ends a phellos or tympanum hangs, 
which is raised by the water, and at the other end a 
counterpoise of sand equal to the weight of the phellos. 
Thus as the phellos ascends by the action of the water, 
the counterpoise of sand descends and turns the axis, as 
does that the wheel, whose rotation causes at times the 
greater part of the circle of the zodiac to be in motion, 
and at other times the smaller ; thus adjusting the hours 
to the seasons. Moreover in the sign of each month are 
as many holes as there are days in it, and the index 
which in dials is generally a representation of the sun, 
shows the spaces of the hours; and whilst passing from 
one hole to another, it completes the period of the 
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month. Wherefore, as the son passing through the 
signs, lengthens and shortens the days and hours, so the 
index of the dial, entering hy the points opposite the 
centre round which the wheel turns, hy its daily motions, 
sometimes in greater, at other times in less periods, will 
pass through the limits of the months and days. The 
management of the water, and its equable flow, is thus 
regulated. Inside, behind the face of the dial, a cistern 
is placed, into which the water is conveyed by a pipe. In 
its bottom is a hole, at whose side is fixed a brazen tym- 
panum, with a hole in it, through which the water in the 
cistern may pass into it. Within this is inclosed a lesser 
tympanum attached to the greater* with male and female 
joints rounded, so that the lesser tympanum turning 
within the greater, similar to a stopple, fits closely, 
though it moves easily. Moreover, on the lip of the 
greater tympanum are three hundred and sixty-five 
points, at equal distances. On the circumference of 
the smaller tympanum a tongue is fixed, whose tip 
points to the marks. In this smaller tympanum a 
proportionable hole is made, through which the water 
passes into the tympanum, and serves the work. On 
the lip of the large tympanum, which is fixed, are 
the figures of the celestial signs ; above, is the figure 
of Cancer, and opposite to it, below, that of Capri- 
comus. On the right of the spectator is Libra, on 
his left Aries. All the other signs are arranged in the 
spaces between these, as they are seen iti the heavens. 
Thus, when the sun is in the portion of the circle 
occupied by Gapricomus, the tongue stands in that 
part of the larger tympanum where Gapricomus is 
placed, touching a different point every day: and as 
it then vertically bears the great weight of the run- 
ning water, this passes with great velocity through 
the hole into the vase, which, receiving it, and being 
soon filled, diminishes and contracts the lengths of 
the days and hours. When, by the diurnal revolu* 
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tion of the lesser tympamim, the tongue enters Aqua- 
rius, all the hples fall perpendicular, and the flow of 
the water being thus lessened, it runs oflF more slowly; 
whence the vase receiving the water with less velocity, 
the length of the hours is increased. Thus, going 
gradually through the points of Aquarius and Pisces, 
as soon as the hole of the small tympanum touches the 
eighth part of Aries, the water flows more gently, and 
produces the equinoctial hours. From Aries, through 
the spaces of Taurus and Gemini, advancing to tie 
upper points where the Crab is placed, the hole or tym- 
panum touching it at its eighth division, and arriving at 
the summit, the power is lessened ; and hence ^running 
more slowly, its stay is lengthened, and the solstitial 
hours are thereby formed. When it descends from 
Cancer, and passes through Leo and Virgo, returning 
to the point of the eighth part of Libra, its stay is 
shortened by degrees, and the hours diminished, till, 
arriving at the same point of Libra, it again indicates 
the equinoctial hours. The hole being lowered through 
the space of Scorpio and Sagittarius, in its revolution 
it returns to the eighth division of Capricomus, and, 
by the velocity of the water, the winter hours are pro- 
duced. To the best of my ability I have explained the 
construction and proportions of dials, so that they may 
be easily set up. It now remains for me to speak of 
machines, and the principles which govern them. These 
will be found in the following book, and will complete 
this Treatise on Architecture. 
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INTBODUCTION. 

In the magnificent and spacious Grecian city of Ephesus 
an ancient law was made tj the ancestors of the in- 
habitants, hard indeed in its nature, but nevertheless 
equitable. When an architect was entrusted with tl^^ 
Bxecutdon of a public work, an estimate thereof bein^ 
lodged in the hands of a magistrate, his property ^vras 
held, as security, untfl the work was finished. If, wlxen. 
finished, the expense did not exceed the estimate, he ^vv^^s 
complimented with decrees and honours. So when tlx© 
excess did not amount to more than a fourth part of tj^^ 
original estimate, it was defrayed by the public, and. r^^ 
punishment was inflicted. But when more than on^^ 
fourth of the estimate was exceeded, he was require^, to 
pay the excess out of his own pocket. Would ix> Ood. 
^t such a law existed among the Roman people, ^lot 
only in respect of their pubHc, but also of their Prt^^^^^ 
buildings, for then the unskilful could not commit tlxeir 
depredations with unpunity, and those who wer^ tlxe 
most skilful in the intricacies of the art would folx^^ 
the profession. Proprietors would not be led into ^^^ 
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BOOK THE TENTH. 



INTRODUCTION, 

In the magnificent and spacious Grecian city of Ephesus 
an ancient law was made by the ancestors of the in- 
habitants, hard indeed in its nature, but nevertheless 
equitable. When an architect was entrusted with the 
^execution of a public work, an estimate thereof being 
lodged in the hands of a magistrate, his property was 
held, as security, until the work was finished. If, when 
finished, the expense did not exceed the estimate, he was 
complimented with decrees and honours. So when the 
excess did not amount to more than a fourth part of the 
original estimate, it was defrayed by the public, and no 
punishment was inflicted. But when more than one- 
fourth of the estimate was exceeded, he was required to 
pay the excess out of his own pocket. Would to God 
that such a law existed among the Roman people, not 
only in respect of their public, but also of their private 
buildings, for then the unskiLfol could not commit their 
depredations with impunity, and those who were the 
most skilful in the intricacies of the art would follow 
the profession. Proprietors would not be led into an 
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extravagant expenditure so as to cause ruin ; architects 
themselves, from the dread of -punishment, would be 
more careful in their calculations, and the proprietor 
would complete his building for that sum, or a little 
more, which he could afford to expend. Those who can 
conveniently expend a given sum on any work, with the 
pleasing expectation of seeing it completed would cheer- 
fdlly add one-fourth more ; but when they find them- 
selves burdened with the addition of half or even more 
than half of the expense originally contemplated, losing 
their spirits, and sacrificing what has already been laid 
out, they incline to desist from its completion. Nor is 
this an evil which occurs in buildings alone, but also in 
the shows of gladiators in the Forum, and in the scenes 
of plays exhibited by the magistrates, in which neither 
delay nor hindrance is admitted, since there is a neces- 
sity for their being completed by a certain time. Thus 
the seats for viewing the shows, the machinery for 
drawing the Vela, and the contrivances for shifting 
the scenes, must all be prepared by a given day, that 
the people may not be disappointed. And in the pre- 
paration of all these much readiness and profound 
thought must be exercised, because they cannot be 
executed without machinery, and the application of 
varied and extensive studies. Since, therefore, this is 
the case, it does not seem foreign to our purpose, 
carefully and diligently to explain those principles on 
which a work should be formed previous to com- 
mencing it. But as neither the law nor custom com- 
pels the adoption of such a practice, and the prsBtors 
and sediles are bound every year to provide the ma- 
chinery for the sports, it appeared to me, Emperor, 
highly expedient, as in the foregoing books I have 
treated on buildings, to es^lain in this which closes 
the treatise, the principles upon which such^machines 
are constructed. 



1281 
CHAPTER I. 

OF MACHINES AND ENGINES. 

A MACHINE is a combination of materials capable of 
moving great weights. It derives its power from Ijiat 
circular application of motion which the Greeks call 
KVKkucq KLVTja-K. Tho first species is for scaling (scansoria), 
which the Greeks call oxpoj^arucos. The second, wherein 
the wind is the moving power, is, by the Greeks, called 
wevfmrucos. The third sort of machine is for draught, and 
they call it Pca/avcro^. The scaling machine is constructed 
for the purpose of ascending, without danger, to view 
works of considerable altitude, and is formed of long 
pieces of timber connected together by transverse pieces. 
The pneumatic machine is for the purpose of imitating 
the sounds of stringed and wind instruments, by means 
of a rush of air organically introduced. Machines of 
draught are constructed for the purpose of removing or 
raising great weights. The scaling machine is one more 
of boldness than art, being a combination of longitudinal^ 
timbers connected together by cross pieces, the splicings 
well lashed together, and the whole supported by shores 
or props. But the machine which, by the action of wind, 
produces very pleasing effects, requires great ingenuity 
in its construction. The machines for draught perform 
much greater and more important operations, in their 
application to different purposes, and, when skilfully 
managed, are of great utility. Of these some act me- 
chanically, others organically. The difference between 
machines and oi^ans is this, that the former are composed 
of many subordinate parts, or propelled by a great power, 
as balistsB for instance, and wine-presses ; whereas, the 
latter, by an ingenious application of the moving power, 
can be set in motion by a single person, as in turning the 
axis of the scorpion or anisocycli. Thus organs, as well 
as machines, are extremely usefiil and necessary, inas- 
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much as, without them, no works could be carried into 
execution. The laws of mechanics are founded on those 
of nature, and are illustrated by, studying the master- 
movements of the universe itself. For if we consider the 
sun, moon and the five planets, we shall perceive, that if 
they were not duly poised in their orbits, we should 
neither have light on the earth, nor heat to mature its 
fruits. Our ancestors so reasoned on these motions, that 
they adopted nature as their model ; and, led to an imi- 
tation of the divine institutions, invented machines 
necessary for the purposes of life. That these might be 
suitable to their dififerent purposes, some were con- 
structed with wheels, and were called machines ; others 
were denominated organs. Those which were found 
most useful were gradually improved, by repeated expe- 
riments, by art, and by the laws which they instituted. 
Let us, for an instant, reflect on an invention, necessarily 
of an early period, that of clothing ; wherein, by the or- 
ganic arrangement of the loom, the connexion of the warp 
to the woof not only defends our bodies by the covering 
it afifords, but is likewise an ornament to them. Again ; 
how should we be supplied with food, but for the yokes 
and ploughs to which oxen and other animals are har- 
nessed? Without the aid of wheels and axles, of presses 
and levers, we could enjoy neither the comforts of good 
oil, nor of the fruit of the vine. Without the aid of carts 
and waggons on land, and ships on the sea, we should 
be unable to transport any of our commodities. How 
necessary also, is the use of scales and weights in our 
dealings, to protect us from fraud. Not less so are in- 
numerable different machines, which it is unnecessary here 
to discuss, since they are so well known from our daily 
use of them, such as wheels generally, the blacksmith's 
bellows, chariots, caleches, lathes, and other things which 
our habits constantly require. We will, therefore, pro- 
ceed to explain, in the first place, those which are more 
'^arely wanted. 
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CHAPTER II. 

OF MACHINES OF DRAUGHT. 

We will begin by describing those engines which are 
chiefly used in the erection of sacred bnildings, and other 
public works. They are made as'foUows: three pieces 
of timber are prepared suitable to the greatness of the 
weights to be lifted, -connected at the top by a pin, but 
spreading extensively at their feet. Thes6 are raised by 
means of ropes made fast to thef top, and when raised, are 
thereby kept steady. To the top is then made fast a 
block, by some called rechamus. In this block are two 
pulleys, turning on axles; over the upper pulley passes 
the leading rope, which, let fall and drawn through un- 
der the lower pulley of the bottom block is returned 
thence over the lower ptilley of the upper block : the 
rope again descends to the lower block, and its end is 
made fast to the eye of it. We refer the other end of the 
rope to the description of the lower part of the machine. 
On the back faces of the pieces of timber, where they 
diverge, are fixed socket-pieces (chelonia), for the gud- 
geons of the axles to work, so that they may revolve freely. 
The a^es at the ends near the gudgeons, are pierced 
with two holes, so adjusted as to fit and receive the 
levers. Iron shears are then made fast to the under part 
of the lower block, whose teeth are received in holes cut 
in the piece of stone, for the purpose. The loose end of 
the rope being now attached to the axle, and that turned 
round by means of the levers, the rope, in winding round 
the axle, raises the weight to its height and place in the 
work. 
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CHAPTER III. 

OF ANOTHER SORT OF MACHINE OF DRAUGHT. 

A BLOCK containing tliree pulleys is denominated Tri- 
spastos ; when tlie lower system has two pulleys, and 
the upper one three, Pentaspastos. A machine for rais- 
ing heavier weights requires longer and stouter beams, 
and the pins for joining them at top, as well as the axle 
below, must be increased in proportion. Having pre^ 
mised this, the raising ropes lying loose, are first dis- 
tributed ; then to the shoulders of the machine are made 
fast the guys, which, if there be no place to which they 
can be otherwise firmly fixed, must be attached to sloping 
piles driven into the ground, and steadied by ramming 
the ground about them. A block is to be now slung to 
the head of the machine, round which ropes must be car- 
ried to another block which has been previously fastened 
to a stake, and, passing over its pulley, must be returned 
to that on the top of the machine, round which the rope 
passes and descends to the axle at bottom, to which 
it is lashed. The axle is now turned round by means 
of the levers, and the machine is put in motion with- 
out danger. Thus the ropes being disposed around, and 
the guys firmly fastened to the stakes, a machine is sta- 
tioned for use. The pulleys and leading ropes are ap* 
plied as described in the foregoing chapter. 



CHAPTER rV. 

OF A SIMILAR MACHINE, OF GREATER POWER. 

If exceedingly large weights are to be raised, they must 
not be trusted to a mere axle ; but the axle being retained 
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by the gudgeons, a large drum should be fixed on it» 
which some call a drum-wheel (tympanum) : the Greekis 
name it dfi^cjpcvtn?, or Tr^trpoxos* In these machines the 
blocks are constructed differently from those already de* 
scribed. Having, at top and bottom, two ranks of pulleys^ 
the rope passes through a hole in the lower block, so that 
each end of the rope is equal in length when extended. 
It is there bound and made fast to the lower block, and 
both parts of the ropes so retained, that neither of them 
may swerve either to the right or the left* The ends 
of the rope are then returned to the outside of the upper 
block, and carried over its lower pulleys ; whence they 
descend to the lower block, ctnd passing round its pulleys 
on the mner side, are carried up right and left over the 
tops of the higher pulleys of the. upper block ; whence 
descending on the outer sides, they are secured to the 
axl^ on the right and left of the drum-wheel, about 
which another rope is now wound, and carried to the 
capstan. On the turning of the capstan, the drum-wheel 
and axle, and consequently the ropes fastened to it, are 
set in action, and raise the weights gently and without 
danger. But if a larger drum-wheel be affixed, either in 
the middle or on one of the sides, of such dimensions 
that men may walk therein, a more effectual power is ob- 
tained than the capstan will affordL 



CHAPTER V. 

OF ANOTHER MACHINE OF DRAUGHT. 

These is another species of machine, ingenious in re- 
spect of its contrivance, and of ready application in prac- 
tice ; but it should not be used except by experienced 
persons. A pole or log of timber is raised, and kept in 
its situation by means of four guy ropes in opposite 



directions. Under the place where the guy ropes at top 
are made fast to the pole, two cheeks are fixed, above 
which the block is tied with ropes. Under the block, a 
piece of timber about two feet long, six inches wide, and 
four inches thick, is placed. The blocks have three 
ranks of pulleys latitudinally, so that it is necessary to 
conduct three leading ropes from the upper part of the 
machine; these are brought down to the lower block, 
and are passed through its upper pulleys from the side 
next the pole. They then are carried to the upper block, 
passing from the outer sides of the lower pulleys to the 
inner sides of the lower pulleys of the upper block. 
Descending once more to the inferior block, they pass 
round the second rank of pulleys frx>m the inner to the 
outer side, and are then returned to the second rank of 
pulleys in the higher block, over which they pass and re- 
turn to the lowest, whence they are again carried up- 
wards, and passing round the uppermost pulley, return 
to the lower part of the machine. A third block is fixed 
near the bottom of the pole, whose Greek name is 
hraytav, but with us it is called Artemo. This block, 
which is made fast to the pole at a small distance from 
the ground, has three pulleys through which the ropes 
are passed, for the men to work them. Thus, three sets 
of men, working without the intervention of a capstan, 
quickly raise the weight to its required height. This 
species of machine is called Polyspaston, because the 
facility and despatch in working it, is obtained by means 
of many pulleys. One convenience in using a single 
pole is, that the situation of the weight in relation to 5ie 
pole, whether before it or to the right or left of it, is of 
no consequenee. All the machines above described, are 
not only adapted to the purposes mentioned, but are also 
useful in loading and unloading ships, some upright, 
others horizontal, with a rotatory motion. On the ground, 
however, without the aid of the poles, ships are drawn 
on shore by the mere application of blocks and ropes. 
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CHAPTER VI. 

OF CTESIPHON'S CONTRIVANCE FOR REMOVINa 

GREAT WEIGHTS. 

It will be useful to explain the ingenious contrivance of 
Ctesiphon. When he removed from the quarry the 
shafts of the columns which he had prepared for the 
temple of Diana at Ephesus, not thinking it prudent to 
trust them on carriages, lest their weight should sink 
the wheels in the soft roads over which they would have 
to pass, he devised the following scheme. He made a 
frame of four pieces of timber, two of which were equal 
in length to the shafts of the columns, and were held to- 
gether by the two transverse pieces. In each end of the 
shaft he inserted iron pivots, whose ends were dovetailed 
thereinto, and run with lead. The pivots worked in 
gudgeons fastened to the timber frame, whereto were 
attached oaken shafts. The pivots having a free revolu- 
tion in the gudgeons, when the oxen were attached and 
drew the frame, the shafts rolled round, and might have 
been conveyed to any distance. The shafts having been 
thus transported, the entablatures were to be removed, 
when Metagenes the son of Ctesiphon, applied the prin- 
ciple upon which the shafts had been conveyed to the 
removal of those also. He constructed wheels about 
twelve feet diameter, and fixed the ends of the blocks of 
stone whereof the entablature was composed into them ; 
pivots and gudgeons were then prepared to receive them 
in the manner just described, so that when the oxen 
drew the machine, the pivots turning in the gudgeons, 
caused the wheels to revolve, and thus the blocks, being 
enclosed like axles in the wheels, were brought to the 
work without delay, as were the shafts of the columns. 
An example of this species of machine may be seen in 
the rolling stone used for smoothing the walks in pa- 
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IflBStrsB. But the method would not have been practicable 
for any considerable distance. From the quarries to the 
temple is a length of not more than eight thousand feet, 
and the interval is a plain without any declivity. Within 
our own times, when the base of the colossal statue of 
Apollo in the temple of that god, was decayed through 
age: to prevent the fall and destruction of it, a contract 
for a base from th« same quarry was made with Peeonius. 
It was twelve feet long, eight feet wide, and six feet 
high. Pseonius, driven to an expedient, did not use the 
same as Metagenes did, but constructed a machine for 
the purpose, by a different application of the same prin- 
ciple. He made two wheels about fifteen feet diameter, 
and fitted the ends of the stone into these wheels. To 
connect the two wheels he framed into them, round their 
circumference, small pieces of two inches square not 
more than one foot apart, each extending from one wheel 
to the other, and thus enclosing the stone. Bound 
these bars a rope was coiled, to which the traces of the 
oxen were made fast, and as it was drawn out, the stone 
rolled on by means of the wheels, but the machine by its 
constantly swerving firom a direct straightforward path, 
stood in need of constant rectification, so that Pseonius 
was at last without money for the completion of his 
contract 



CHAPTER VII. 

OF THE DISCOVERY OF THE QUARRY .WHENCE STONE 
WAS PROCURED FOR THE TEMPLE OF DIANA AT 
EPHESUS. 

I MUST digress a little, and relate how the quarries of 
Epbesus were discovered. A sh^berd, (d the name of 
Pixodams, dtvelt in these parts at the period in which 
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the Ephesians had decreed a temple to Diana, to be 
built of marble from Paros, Procomiesus, or Thasos. 
Pixodaras on a certain occasion tending his flock at this 
place, saw two rams fighting. In their attacks, missing 
each other, one fell, and glancing against the rock with 
his horns, broke off a splinter, which appeared to him so 
delicately white, that he left his flock and instantly ran 
with it into Ephesus, where marble was^ then in much 
demand. The Ephesians forthwith decreed him honours, 
and changed his name to Evangelus. Even to this day 
the chief magistrate of the city proceeds every month to 
the spot, a^d sacrifices to him ; the omission of which 
ceremony would, on the magistrate's part, be attended 
with penal consequences to him. 



CHAPTEB VIII. 

OF THE PEINCIPLES OF MECHANICS. 

« 

I HAVE briefly explained the principles of machines of 
draught, in which, as the powers and nature of the mo- 
tion are different, so they generate two effects, one di^ 
rect, which the Greeks call €vO€ia, the other circular, 
which they call kv/cXcdti} ; but it must be confessed, that 
rectilinear without circular motion, and, on the other 
hand, circular without rectilinear motion can neither 
without the other be of much assistance in raising 
weights. I will proceed to the explanation of this. The 
pulleys revolve on axles which go across the blocks, and 
are acted upon by straight ropes which coil round 
the axle of liie windlass when that is put in motion by 
the levers, thus causing the weight to ascend. The 
pivots of the windlass axle are received into, or play in 
the gudgeons of the cheeks, and the levers being inserted 



in the holes provided for them in the axle, are moved in 
a circular direction, and thus cause the ascent of the 
weight. Thus also, an iron lever being applied to a 
weight which many hands could not remove ; if a ful- 
crum, which the Greeks call vrro/wx^Mv, be placed under 
it, and the tongue of the lever be under the weight, one 
man's strength at the end will raise the weight. This is 
accounted for by the fore part of the lever being under 
the weight, and at a shorter distance from the fulcrum 
or centre of motion ; whilst the longest part, which is 
from the centre of motion to the head being brought into 
circular motion, the application of few hands to it will 
raise a great weight. So if the tongue of the lever be 
placed under the weight, and instead of the end being 
pressed downward it be lifted up, the tongue then hav- 
ing the ground for a fulcrum, will act on that as in the 
first instance it did on the weight, and the tongue will 
press against the side thereof as it did on the fulcrum : 
though by this means the. weight will not be so easily 
raised, yet it may be thus moved. If the tongue of the 
lever lying on the fulcrum be placed too far under 
the weight, and the end be too near the centre of 
pressure, it will be without effect ; so, as hath been 
already mentioned, will it be, unless the distance from 
the fulcrum to the end of the lever be greater than from 
the fulcrum to the tongue thereof. Any one, will per- 
ceive the application of this principle in the instruments 
called steelyards (staterse) ; for when the handle of sus- 
pension, on which as a centre the beam turns, is placed 
nearer the end from which the scale hangs, and, on the 
other side of the centre, the weight be shifted to the 
different divisions on the beam, the farther it is from 
the centre, the greater will be the load in the scale 
which it is capable of raising, and that through the 
equilibration of the beam. Thus, a small weight, which, 
placed near the centre, would have but a feeble effect, 
may in a moment acquire power, and raise with ease a 
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very heavy load. Thus also the steersman of a mer- 
chant ship, holding the tiller which the Greeks call 
oia^ with only one hand, hy the situation of the centre 
moves it in a moment as the nature of the case requires, 
and turns the ship though ever so deeply laden. The 
sails also, if only half mast high, will cause the vessel to 
sail slower than when the yards are hoisted up to the 
top of the mast, because not then being near the foot of 
the mast, which is as it were the centre, but at a dis- 
tance therefrom, they are acted on by the wind with 
greater force. For as, if the fulcrum be placed under 
the middle of a lever, it is but with difficulty that the 
weight is moved, and that only when the power is applied 
at the extremity of the lever, so when the sails are no 
higher than the middle of the mast, they have less effect 
on the motion of the vessel : when, however, raised to 
the top of the mast, the impulse they receive from an 
equal wind higher up, causes a quicker motion in the 
ship. For the same reason the oars, which are made 
fast with rope to the thowls, when plunged into the water 
and drawn back by the hand, impel the vessel with great, 
force, and cause the prow thereof to cleave the waves, 
if their blades are at a considerable distance from the 
centre, which is the thowl. When also loads of great 
weight are carried by porters in gangs of four or six, the 
levers are so adjusted in the middle that each porter may 
be loaded with a proper proportion of the burden. The 
middle parts of the levers for four persons over which 
the tackle passes, are provided with pins to prevent it 
sliding out of its place, for if it shift from the centre, 
the weight will press more on the shoulders of him to 
whom it is nearest, just as in the steelyard the weight is 
shifted towards the end of the beam. Thus too, oxen 
have an equal draught when the piece which suspends the 
pole hangs exactly from the middle of the yoke. But 
when oxen are not equally strong, the method of appor"- 
tioning to each his due labour is by shifting the sus- 
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pending piece so that one side of the yoke shall be 
longer than the other, and so relieve the weaker 
animal. It is the same in the porters' levers as in 
jokes, when the suspending tackle is not in the centre, 
and one arm of the lever is longer than the other, 
namely that towards which the tackle has shifted ; for 
in this case if the lever turn upon the points to which 
the tackle has slid, which now becomes its centre, the 
longer arm will describe a portion of a larger (iircle, and 
the shorter a smaller circle. Now as small wheels re- 
volve with more difl&culty than larger ones, so levers 
and yokes press most on the side which is the least 
distance from the fulcrum, and on the contrary they 
ease those who bear that arm which is at the greatest 
distance from the fulcrum. Inasmuch as all these ma- 
chines regulate either rectilinear or circular motion by 
means of the centre or fulcrum, so also waggons, chariots, 
drumwheels, wheels of carriages, screws, scorpions, 
balista&i presses, and other instruments, for the same 
reasons produce their effects by means of rectilinear and 
circular motions. 



CHAPTER IX. 

OF ENGINES FOR RAISING WATER; AND FIRST OF 

THE TYMPANUM. 

I SHALL now explain the machines for raising water, and 
their various sorts. And first the tympanum, which, 
though it raise not the water to a great height, yet lifts 
a large quantity in a small period of time. An axis is 
prepared in the lathe, or at least made circular by hand, 
hooped with iron at the ends ; round the middle whereof 
the tympanum, formed of planks fitted together, is ad- 
justed. This axis rests on posts also cased with iron 
where the axis touches them. In the hollow part of the 
tympanum are distributed eight diagonal pieces, going 
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from the axis to the circumference of the tympanum, 
which are equidistant. The horizontal face of the wheel 
or tympanum is close hoarded, with apertures therein 
half a foot in size to admit the water. On the axis also 
channels are cut for each hay. This machine, when 
moored like a ship, is turned round hy men walking in 
a wheel attached to it, and, hy receiving the water in the 
apertures which are in front of the, wheel, brings it up 
through the channels on the axle into a trough, whence 
it is conducted in abundance to water gardens, and dilute 
salt in pits. K it be necessary to raise the water to a 
higher level, it must be differently adjusted. The 
wheel, in that case, applied to the axis must be of such 
diameter that it shall correspond with the requisite 
height. Bound the circumference of the wheel buckets, 
made tight with pitch and wax, are fixed; thus when 
the wheel is made to revolve by means of the persons 
treading in it, the buckets being carried to the top full 
of water, as they return downwards, discharge the water 
they bring up into a conduit. But if water is to be 
supplied to still higher places, a double chain of iron is 
made to revolve on the axis of the wheel, long enough 
to reach to the lower level ; this is furnished with 
brazen buckets, each holding about a gallon. Then by 
turning the wheel, the chain also turns on the axis, and 
brings the buckets to the top thereof, on passing which 
they are inverted, and pour into the conduits the water 
they have raised. 



CHAPTEB X. 

OF ANOTHER SORT OF TYMPANUM, AND OF WATER. 

MILLS. 

Wheels on rivers are constructed upon the same princi- 
ples as those just described. Bound their circumference 
are fixed paddlee, which, when acted upon by the force 
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of the current, drive the wheel round, receive the water 
in the huckets, and carry it to the top without the aid of 
treading ; thus by the mere impulse of the stream sup- 
plying what is required. Water-mills are turned on the 
same principle, and are in all respects similar, except 
that at one end of the axis they are provided with a 
drum-wheel, toothed and framed fast to the said axis ; 
this being placed vertically on the edge turns round 
with the wheel. Corresponding with the drum-wheel a 
larger horizontal toothed wheel is placed, working on an 
axis whose upper head is in the form of a dovetail, and 
is inserted into the mill-stone. Thus the teeth of the 
drum-wheel which is made fast to the axis acting on the 
teeth of the horizontal wheel, produce the revolution of 
the mill-stones, and in the engine a suspended hopper 
supplying them with grain, in the same revolution the 
flour is produced. 
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CHAPTER XI. 

OF THE WATER SCREW. 

Thebe is a machine, on the principle of the screw, which 
raises water with considerable power, but not so high as 
the wheel. It is contrived as follows. A beam is pro- 
cured whose thickness, in inches, is equal to its length 
in feet ; this is rounded. Its ends, circular, are then di- 
vided by compasses, on their circumference, into four or 
eight parts, by diameters drawn thereon. These lines 
must be so drawn, that when the beam is placed in an 
horizontal direction, they may respectively and horizon- 
tally correspond with each other. The whole length of 
the beam must be divided into spaces equal to one-eighth 
part of the circumference thereof. Thus the circular 
and longitudinal divisions will be equal, and the latter 
intersecting lines drawn from one end to the other, will 
be marked by points. These lines being accanttely 
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drawn, a small flexible ruler of willow or withy, smeared 
with liquid pitch, is attached at the first point of inter- 
section, and made to pass obliquely through the re- 
maining intersections of the longitudinal and circular 
divisions ; whence progressing and winding through 
each point of intersection it arrives and stops in the 
same line from which it started, receding from the first 
to the eighth point, to which it was at first attached. 
In this manner, as it progresses through the eight 
points of the circumference, so it proceeds to the eight^i 
point lengthwise. Thus, also, fastening similar rules 
obliquely through the circumferential and longitudinal 
intersections, they will form eight channels round the 
shaft, in the form of a screw. To these rules or slips 
others are attached, also smeared with liquid pitch, and 
to these still others, till the thickness of the whole be 
equal to one-eighth part of the length. On the slips or 
rules planks are fastened all round, saturated with pitch, 
and bound with iron hoops, that the water may not injure 
them. The ends of the shaft are also strengthened with 
iron nails and hoops, and have iron pivots inserted into 
them. On the right and left of the screw are beams, with 
a cross piece at top and bottom, each of which is provided 
with an iron gudgeon, for the pivots of the shaft to turn in, 
and then, by the treading of men, the screw is made to 
revolve. The inclination at which the screw is to be 
worked, is equal to that of the right angled triangle of 
Pythagoras : that is, if the lenglJi be divided into five 
parts, three of these will give the height that the head 
is to be raised ; thus four parts will be the perpendicular 
to the lower mouth. The method of constructing it 
may be seen in the diagram at the end of the book. I 
have noW described, as accurately as possible, the en- 
gines which are made of wood, for raising water, the 
manner of constructing them, and the powers that are 
applied to put them in motion, together with the great 
advantages to be derived from the use of them. 
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CHAPTER Xn. 

OF THE MACHINE OF CTESIBIUS FOR RAISING WATER 
TO A CONSIDERABLE HEIGHT. 

It is now necessary to explain the machine of Gtesibius, 
which raises water to a height. It is made of brass, 
and at the bottom are two buckets near each other, 
having pipes annexed in the shape of a fork, which meet 
at a basin in the middle. In the basin are valves nicely 
fitted to the apertures of the pipes, which, closing the 
holes, prevent the return of the liquid which has been 
forced into the basin by the pressure of the air. Above 
the basin is a cover like an inverted funnel, fitted and 
fastened to it with a rivet, that the force of the water 
may not blow it off. On this a pipe, called a trumpet, 
is fixed upright. Below the lower orifices of the pipes 
the buckets are furnished with valves over the holes in 
their bottoms. Pistons made round and smooth, and 
well oiled, are now fastened to the buckets, and worked 
from above with bars and levers, which, by their alter- 
nate action, fi'equently repeated, press the air in the 
pipes, and the water being prevented fi'om returning by 
the closing of the valves, is forced and conducted into 
the basin through the mouths of the pipes ; whence the 
force of the air, which presses it against the cover, drives 
it upwards through the pipe : thus water on a lower 
level may be raised to a reservoir, for the supply of 
fountains. Nor is this the only machine which Ctesibius 
has invented. There are many others, of different sorts, 
which prove that liquids, in a state of pressure from the 
air, produce many natural effects, as those which imitate 
the voices of singing birds, and the engibita, which move 
figures that seem to drink, and perform other actions 
pleasing to the senses of sight and hearing. From these 
inventions I have selected those which are most pleasing 
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and necessary, and described them in my treatise on 
dialling: in Uiis place I confine myself to those which 
act by the impulse of water. The others, which are 
more for pleasure than utility, may be seen by the 
curious in the writings of Ctesibius. 



CHAPTER Xin. 

OF WATER ENGINES. 

I CAKNOT here omit a brief explanation, as clearly as I 
can give it, of the principles on which hydraulic organs 
are constructed. A base of framed wood-work is pre- 
pared, on which is placed a brazen box. On the base, 
right and left, uprights are fixed, with cross pieces like 
those of a ladder, to keep them together ; between which 
are enclosed brass barrels with moveable bottoms, per- 
fectly round, having iron rods fixed in their centres, and 
covered with leather and wool, attached by pins to the 
levers. There are also, on the upper surface, holes 
about three inches diameter, in which, near the pin-joint, 
are brazen dolphins with chains hanging from their 
mouths, which sustain the valves that descend below the 
holes of the barrels. Within the box, where the water 
is deposited, there is a species of inverted funnel, under 
which two collars, about three inches high, answer the 
purpose of keeping it level, and preserving the assigned 
distance between the lips of the wind-chest and the 
bottom of the box. On the neck a chest, framed to- 
gether, sustains the head of the instrument, which in 
Greek is called Komv fiava-uco^ (canon musicus) ; upon 
which, lengthwise, are channels, four in number, if the 
instrument be tetrachordal, six if hexachordal, and eight 
if octochordal. In each channel are fixed stops, that are 
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connected with iron finger-boards; on pressing down 
which, the communication between the chest and the 
channels is opened. Along the channels is a range of 
holes corresponding with others on an upper table, called 
irtva^ in Greek. Between this table and the canon, rules 
are interposed, with corresponding holes well oiled, so 
that they may be easily pushed up and return ; they are 
called pleuritides, and are for the purpose of stopping 
and opening the holes along the channels, which they 
do by passing backwards and forwards. These rules 
have iron jacks attached to them, and being united to 
the keys, when those are touched they move the rules. 
Over the table there are holes through which the wind 
passes into the pipes. Kings are fixed in the rules, for 
the reception of the feet of the organ-pipes. From the 
barrels run pipes joined to the neck of the wind-chest, 
which communicate with the holes in the chest, in 
which pipes are closely fitted valves ; these, when the 
chest is supplied with wind, serve to close their orifices, 
and prevent its escape. Thus, when the levers are 
raised, the piston-rods are depressed to the bottom of the 
barrel, and the dolphins turning on their pivots, suffer 
the valves attached to them to descend, thus filling with 
air the cavities of the barrels. Lastly ; the pistons in 
the barrels being alternately raised and depressed with 
a quick motion, cause the valves to stop the upper holes : 
the air, therefore, which is spent, escapes into the pipes, 
through wliich it passes into the wind-chest, and thence, 
by its neck, to the box. By the quick motion of the 
levers still compressing the air, it finds its way through 
the apertures of the stops, and fills the channels with 
wind. Hence, when the keys are touched by hand, they 
propel and repel the rules, alternately stopping and 
opening the holes, and producing a varied melody 
founded upon the rules of music. I have done my 
utmost to give a clear explanation of a complex ma- 
"thine. This has been no easy task, nor, perhaps, shall 
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I be understood, except by those who are experienced in 
matters of this nature. Such, however, as comprehend 
but a little of what I have written, would, if they saw the 
instrument, be compelled to acknowledge the skill exhi- 
bited in its contrivance. 



CHAPTER XrV. 

OF MEASURING A JOURNEY. 

Let us now consider an invention by no means useless, 
and delivered to us by the ancients as ingenious, and 
by means of which, when on a journey by land or sea, 
one may ascertain the distance travelled. It is as fol- 
lows. The wheels of the chariot must be four feet dia- 
meter ; so that, marking a certain point thereon, whence 
it begins its revolution on the ground, when it has com- 
pleted that revolution, it will have gone on the road over 
a space equal to twelve feet and a half. This being ad- 
justed on the inner side of the nave of the wheel, let a 
drum-wheel be securely fixed, having one small tooth 
projecting beyond the face of its circumference ; and in 
the body of the chariot let a small box be fastened, with 
a drum-wheel placed to revolve perpendicularly, and fas- 
tened to an axle. The latter wheel is to be equally 
divided, on its edge, into four hundred teeth, corre- 
sponding with the teeth of the lower drum- wheel ; besides 
the above, the upper drum-wheel has on its side one 
tooth projecting out before the others. Above, in another 
enclosure, is a third horizontal wheel toothed similarly, 
and so that the teeth correspond with that tooth which is 
fixed to the side of the second wheel. In the third wheel 
just described are as many holes as are equal to the 
number of miles in an usual day's journey. It does not, 
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however, signify, if they be more or less. In all the 
holes let small balls be placed, and in the box or lining 
let a hole be made, having a channel, through which 
each ball may fall into the box of the chariot, and the 
brazen vessel placed under it. Thus, as the wheel 
proceeds, it acts on the first drum-wheel, the tooth of 
which, in every revolution, striking the tooth of the 
upper wheel, causes it to move on; so that when the 
lower wheel has revolved four hundred times, the upper 
wheel has revolved only once, and its tooth, which is on 
the side, will have acted on only one tooth of the hori- 
zontal wheel. Now as in four hundred revolutions of 
the lower wheel, the upper wheel will only have turned 
round once, the length of the journey will be five 
thousand feet, or one thousand paces. Thus, by the 
dropping of the balls, and the noise they make, we 
know every mile passed over; and each day one may 
ascertain, by the number of balls collected in the bottom, 
the number of miles in the day's journey. In navigation, 
with very little change in the machinery, the same thing 
may be done. An axis is fixed across i£e vessel, whose 
ends project beyond the sides, to which are attached, 
wheels four feet diameter, with paddles to them touch- 
ing the water. That part of the axis within the vessel 
has a wheel with a single tooth standing out beyond its 
face ; at which place a box is fixed with a wheel inside it 
having four hundred teeth, equal and correspondent to 
the tooth of the first wheel fixed on the axis. On the 
side of this, also, projecting from its face, is another 
tooth. Above, in another box, is enclosed another hori- 
zontal wheel, also toothed, to correspond with the tooth 
that is fastened to the side of the vertical wheel, and 
which, in eveiy revolution, working in the teeth of the 
horizontal wheel, and striking one each time, causes it to 
turn round. In this horizontal wheel holes are made, 
wherein the round balls are placed ; and in the box of 
the wheel is a hole with a channel to it, through which 
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the ball descending without obstraction, falls into the 
brazen vase, and makes it ring. Thus, when the vessel 
is on its way, whether impelled by oars or by the wind, 
the paddles of the wheels, driving back the water which 
comes against them with violence, cause the wheels to 
revolve, whereby the axle is also turned round, and 
consequently with it the drum-wheel, whose tooth, in 
every revolution, acts on the tooth in the second wheel, 
and produces measured revolutions thereof. Wherefore, 
when the wheels are carried round by the paddles four 
hundred times, the horizontal wheel will only have 
made one revolution, by the striking of that tooth on the 
side of the vertical wheel, and thus, in the turning 
caused by the horizontal wheel every time it brings a 
ball to the hole it falls through the channel. In this 
way, by sound and number, the number of miles navi- 
gated will be ascertained. It appears to me, that I have 
completed the description in such a manner that it will 
be easy to comprehend the structure of the machine, 
which will afford both utility and amusement in times 
of peace and safety. 



CHAPTER XV. 

OF CATAPULTS AND SCORPIONS. 

I SHALL now proceed to an explanation of those instru- 
ments which have been invented for defence from 
danger, and for the purposes of self-preservation; I 
mean the construction of scorpions, catapultse, and 
balistse, and their proportions. And first of catapultae 
and scorpions. Their proportions depend on the length 
of the arrow which the instrument is to throw, a ninth 
part of whose length is assigned for the sizes of the holes 
in the capitals through which the cords are stretched, 
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that retain the arms of the catapultsB. The height and 
width of the holes in the capital are thus fashioned. 
The plates (tabulse) which are at the top and bottom of 
the capital, and which are called parallels (paralleli) are 
equal in thickness to one hole, in width to one and 
three-quarters, and at their extremities to one hole and 
a half. The side posts (parastatse) right and left, exclu- 
sive of the tenons four holes high and five thick, the 
tenons three-quarters of a hole. From the hole to the 
middle post also three-quarters of a hole, the width of 
the middle post one hole and a quarter, its thickness one 
hole. The space wherein the arrow is placed in the 
middle of the post, the fourth part of a hole. The four 
angle pieces which appear on the sides and front, are 
strengthened with iron hoops fastened with copper or 
iron nails. The length of the channel which is called 
orpi^ in Greek, is nineteen holes. That of the slips 
(regulffi) which lie on the right and left of the channel, 
and which some persons call bucculse, is also nineteen 
holes, their height and width half a hole. Two other 
slips are fixed for attaching the windlass, three holes 
long and half a hole wide. The thickness of a slip is 
called camillum, or according to others the dove-tailed 
box, and is of the dimension of one hole, its height half 
a hole. The length of the windlass is eight holes and 
an eighth. The roller nine holes wide. The length 
of the epitoxis is three-quarters of a hole, and its thick- 
ness one-quarter. The chelo or manucla is three holes 
long, its length and thickness three-quarters of a hole. 
The length of the bottom of the channel sixteen holes> 
its width and thickness each three-quarters of a hole. 
The small column (columella) with its base near the 
ground eight holes, the breadth of the plinth in which, 
the small column is fixed three-quarters of a hole, its 
thickness three-twelfths. The length of the small 
column up to the tenon twelve holes ; three-quarters of 
\ hole wide, and five-sixths of a hole thick. The three 
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braces are nine holes long, half a hole wide, and a sixth 
of a hole thick ; the length of the tenon one hole. The 
length of the head of the small column is one hole and 
three-quarters. The width of the fore-piece (antefixa) 
is three-eighths of a hole, its thickness one hole. The 
smaller back column, which in Greek is called avri^curvs, 
is eight holes long, one hole and a half wide, and three- 
twelfths of a hole thick. The base (subjectio) is twelve 
holes, and its breadth and thickness the same as that of 
the smaller column. The chelonium or pillow as it is 
called, over the smaller column, two holes and a half ; 
also two holes and a half high, and one hole and three- 
quarters wide. The mortices (carchesia) in the axles are 
two holes and a half; their thickness also two holes and 
a half, and their width one hole and a half. The length 
of the transverse pieces with the tenons is ten holes, 
their width one hole and a half, their thickness ten holes. 
The length of the arm is seven holes, its thickness at 
bottom three-twelfths, and at top half a hole. The 
curve part eight holes. All these proportions are appro- 
priate ; some, however, add to them, and some diminish 
them ; for if the capitals are higher than the width, in 
which case they are called anatona, the arms are short- 
ened : so that the tone being weakened by the height of 
the capital, the shortness of the arm may make the stroke 
more powerful. If the height of the capital be less, in 
which case it is called catatonum, the arms must be 
longer, that they may be the more easily drawn to, on 
account of the greater purchase ; for as a lever four feet 
long raises a weight by the assistance of four men, if.it 
be eight feet long, two men will raise the weight ; in 
like manner arms that are longer are more easily drawn 
to than those that are shorter. 
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CHAPTER XVI. 
OF THE CONSTRUCTION OF THE BAIISTA. 

I HAVE explained the structure of catapultse, their parts 
and proportions. The constructions of balistse are va- 
rious and different, though contrived to produce similar 
effects. Some of these are worked by windlasses, others 
by systems of pulleys, others by capstans, and others by 
wheels : no balista, however, is made without regard to 
the weight of the stones it is intended to throw. Hence 
the rules will only be understood by those who are ac- 
quainted with arithmetical numbers and their powers. 
For instance, holes are made in the capitals, and through 
them are ^brought the cords, made either of woman's 
hair, or of gut, which are proportioned to the weight of 
the stone that the balista is to throw, as in the catapultse 
the proportions are derived from the length of the arrow. 
But that those who are not masters of geometry and 
arithmetic, may be prepared against delay on the occa- 
sions of war, I shall here state the results of my own ex- 
perience as well as what I have learnt from masters, 
and shall explain them, by reducing the Greek measures 
to their correspondent terms in our own. 



CHAPTER XVII. 

OF THE PROPORTIONS OF THE BALISTA. 

A BALISTA capable of throwing a stone of two pounds 
should have the hole (foramen) iu the capital five digits 
wide ; for a stone of four pounds, six digits ; for a stone 
of six pounds, seven digits ; for a stone of ten pounds, 
eight digits ; for a stone of twenty pounds, ten digits ; 
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for a stone of forty pounds, twelve digits and nine-six- 
teenths ; for a stone of sixty pounds, thirteen digits and 
one-eighth ; for one of eighty pounds, fifteen digits ; for 
one of one hundred and twenty pounds, one foot and a 
half and a digit and a half ; for one of a hundred and 
sixty pounds, two feet ; for one of a hundred and eighty 
pounds, two feet and five digits ; for one of two hundred 
pounds, two feet and six digits ; for one of two hundred 
and ten pounds, two feet and seven digits : and lastly, 
for one of two hundred and fifty pounds, eleven feet and 
a half. Having thus determined the size of the hole, 
which in Greek is called irc^rpiTTos, a sight hole (scutula) 
"is described two holes and a quarter in length, and two 
holes and one-sixth wide. Let the line described be 
bisected, and when so bisected, let the figure be obliquely 
turned till its length be equal to one-sixth part, and its 
width on which it turns that of the fourth part of a hole. 
In the part where the curvature is, at which the points 
of the angles project, and the holes are turned, the con- 
tractions of the breadth return inwardly, a sixth part. 
The hole must be as much longer as the epizygis is 
thick. When it has been described, the extremity is to 
be so divided that it may have a gentle curvature. Its 
thickness must be nine-sixteenths of a hole. The stocks 
are made equal to two holes and a quarter, the width to 
one hole and three-quarters, the thickness, exclusive of 
that part which is inserted into the hole, one hole and a 
half; the width at the extremity, one hole and a six- 
teenth ; the length of the side posts, five holes and nine- 
sixteenths ; the curvature one-half of a hole, the thick- 
ness four-ninths ; in the middle the breadth is increased 
as it was near the hole above described ; its breadth and 
thickness are each five holes ; its height one-quarter of 
a hole. The length of the slip on the table is eight 
holes, and it is to be half a hole wide and thick. The 
length of the tenon two holes and a sixth, and its thick- 
ness one hole : the curvature of the slip is to be one-six- 
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teenth and five-quarters of a sixteentli ; tlie breadth and 
thickness of the exterior slip the same ; its length will be 
found by the turning, and the width of the side post and 
its curvature one-sixteenth : the upper are equal to the 
lower slips, that is one-sixteenth : the transverse pieces 
of the table two-thirds and one-sixteenth of a hole : the 
length of shaft of the small ladder (climacis) thirteen 
holes, its thickness three-sixteenths : the breadth of the 
middle interval is a quarter of a hole, its thickness five- 
thirty-seconds of a hole : the length of the upper part of 
the climacis near the arms, where it is joined to the 
table, is to be divided into five parts ; of these, two are 
given to that part which the Greeks call x'yXo? (the chest), 
the width one-sixteenth, the thickness one-quarter, the 
length three holes and an eighth, the projecting part of 
the chest half a hole. The pteregoma (or wing), one- 
twelfth of a hole and one sicilicus. The large axis, 
which is called the cross front, is three holes ; the width 
of the interior slips, one-sixteenth of a hole ; its thickness 
five-forty-eighths of a hole : the cheek of the chest serves 
to cover the dove-tail, and is a quarter of a hole : the 
shaft of the climacis five-sixths of a hole and twelve holes 
and a quarter thick : the thickness of the square piece 
which reaches to the climacis is five-twelfths, at its ends 
one-sixteenth : the diameter of the round axis must be 
equal to the chelos, but near its turning points three- 
sixteenths less. The length of the spur is one-twelfth 
and three-quarters ; its width at bottom one -sixteenth, 
and its width at top a quarter and one-sixteenth. The 
base, which is called coxapa, is a ninth of a hole long ; 
the piece in front of the base (antibasis) four holes and 
one-ninth ; the width and thickness of each are to 
be the ninth of a hole. The half column is a quarter of 
a hole high, and its width and thickness half a hole ; as 
to its height, that need not be proportioned to the hole, 
\t made, however, of such size as may be fit for the pnr- 
\ Of the arm the length will be six holes, its thick- 
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ness at bottom half a hole ; at the bottom one-twelfth of 
a hole. I have now given those proportions of the cata- 
pultflB and balistsB, which I consider most useful ; I shall 
not, however, omit to describe, as well as I can by 
writing, the manner of preparing them with cords 
twisted of gut and hair. 



CHAPTER XVIII. 

OF THE PKEPARATION OF THE BALIST^ AND 

CATAPULTS. 

Beams of considerable length must be procured, upon 

which are fixed cheeks in which the axles are retained ; 

in the middle of those beams holes are made, into which 

are received the capitals of the catapultsB, well tightened 

with wedges, so that the strain will not move them. 

Then brazen stocks are fixed for the reception of the 

capitals, in which are the small iron pins which the 

Greeks call hrurxfB^s- The ends of the ropes pass 

through the holes of the capitals, and brought through 

on the other side, they are then passed round the axle of 

the windlass, which is turned by the aid of levers, till 

the ropes, both drawn tight, give the same tone when 

struck by the hand. Then they are confined at the 

holes with wedges, to prevent their slipping. Being 

passed through to the other side, they are in a similar 

way tightened by the levers and axles till the tones are 

similar. Thus by the use of the wedges, catapultsB are 

adjusted, according to the effect of musical tones on the 

ear. 
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CHAPTER XIX. 

OF MACHINES FOR ATTACK. 

I HAVE said as mucli as I could on these matters ; it now 
remains for me to treat of those things relating to at- 
tacks, namely, of those machines with which generals 
take and defend cities. The first engine for attack was 
the ram, whose origin is said to have been as follows. 
The Carthaginians encamped in order to besiege Cadiz, 
and having first got possession of one of the towers, they 
endeavoured to demolish it, but having no machines fit 
for the purpose, they took a beam, and suspending it in 
their hands, repeatedly battered the top of the wall with 
the end of it, and having first thrown down the upper 
courses, by degrees they destroyed the whole fortress. 
After that, a certain workman of Tyre, of the name of 
Pephasmenos, turning his attention to the subject, 
fixed up a pole and suspended a cross piece therefrom 
after the method of a steelyard, and thus swinging it 
backwards and forwards, levelled with heavy blows the 
walls of Cadiz. Cetras the Chalcedonian, was the first 
who added a base to it of timber moveable on wheels, 
and covered it with a roof on upright and cross pieces : 
on this he suspended the ram, covering it with bulls' 
hides, so that those who were employed therein in bat- 
tering the walls might be secure fi-om danger. And 
inasmuch as the machine moved but slowly, they called 
it the tortoise of the ram. Such was the origin of this 
species of machines. But afterwards, when Philip, the 
son of Amintas, besieged Byzantium, Polydus the Thes- 
salian used it in many and simple forms, and by him 
were instructed Diades and Cheereas, who fought under 
Alexander. Diades Jias shown in his writings that he 
was the inventor of ambulatory towers, which he caused 
be carried from one pla<;e to another by the army, in 
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pieces, as also of the auger and the scaling machine, by 
which one may step on to a wall ; as also the grappling 
hook, which some call the crane (gnis). He also used a 
ram on wheels, of which he has left a description in 
writing. He says that no tower should be built less than 
sixty cubits high, nor than seventeen wide, and that its 
diminution at top should be one-fifth of the width of 
the base : that the upright pieces of the tower should 
be one foot and three-quarters at bottom, and half a foot 
at top : that it should contain ten floors, with windows 
on each side. That the greatest tower that is constructed 
may be one hundred and twenty cubits high, and twenty- 
three and a half wide, diminishing at the top one-fifth 
of its base ; the upright piece one foot at bottom, and 
half a foot at top. The large tower is made with twenty 
floors, and to each floor there is a parapet of three cubits, 
covered with raw hides to protect it from the arrows. 
The construction of the tortoise ram is similar : it was 
thirty cubits wide, and, exclusive of the roof, sixteen 
high. The height of the roof from the eaves to the 
ridge, seven cubits. On the top thereof in the centre 
rose a small tower, not less than twelve cubits wide : 
it was raised with four stories, on the upper of which 
the scorpions and catapultee were placed, and in those 
below was kept a large store of water, to extinguish the 
flames in case it should be fired. In it was placed the 
machine for the ram, which the Greeks call KpioSoKrj, 
wherein was the round smooth roller on which the ram 
worked backwards and forwards by means of ropes, and 
produced great eflFect. This, like the tower, was covered 
with raw hides. He describes the auger (terebra) thus : 
the machine is made like a tortoise, as in those for the 
reception of the catapultse and balistsB, and in the 
middle thereof is a channel on the pilasters fifty cubits 
long, one high, and across it an axle. In front, on 
the right and left, are two pulleys, by means of which 
is moved a beam with an iron point at its end, which 
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works in the channel. Under the channel are rollers, 
which give it an easier and stronger motion. Above the 
beam an arch is turned to cover the channel, and receive 
the raw hides with which the machine is covered. I 
do not describe the grappling machine, because I con- 
sider it of very little use. I perceive that he only 
promises to explain, which however he does not do, 
the construction of the ladder called hnPaBpa. by the 
Greeks, and the other marine machines for boarding 
ships. Having described the construction of the ma- 
chines as Diades directs, I shaU now explain it in a 
way that I think will be usefal, and as taught me by my 
masters. 



CHAPTER XX. 

OF THE TORTOISE FOR FILLING DITCHES. 

The tortoise contrived for fiUing up ditches, which also 
affords an access to the walls, is thus made. A base, 
called by the Greeks corp^apo, is prepared twenty-five feet 
square, with four cross pieces. These are tied in by 
two other pieces, one-twelfth high, and one-half wide, 
distant from each other about a foot and a half, and 
imder each of their intervals are placed Hie naves of 
wheels, called in Greek d/Ao^oTroScs, within which the 
axles of the wheels turn in iron hoops. The naves are 
so made that they have holes in their heads, in which 
the handspikes being received, are made to turn them. 
The naves thus revolving, it may be moved forward or 
backward, to the right or left, or diagonally, as wanted, 
'^ove the base are placed two beams, projecting six feet 
ach side ; round the projections of which two other 
IS are fijced in front, seven feet long, and their width 
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and thickness as described for the base. Upon this 
frame which is to be morticed, posts are placed, nine 
feet high, exclusive of their tenons, one foot and a palm 
square, and a foot and a half distant from each other. 
These are tied in at top by means of morticed beams. 
Above these beams are braces, with tenons, the end of one 
being let into the next to the height of nine feet, and 
over the braces is a square piece of timber, by which 
they are connected. They also are kept together by side 
pieces, and are covered with planks of palm, in prefer- 
ence to other wood ; if those are not to be procured, by 
other wood of a strong nature, pine and ash, however, 
excepted ; for they are weak and easily ignited. About 
the planking are placed gratings, made of slender twigs 
recently cut, and closely interwoven ; and then the whole 
machine is covered with raw hides, as fresh as can be 
procured, doubled and stuflFed with seaweed or straw 
steeped in vinegar, in order that it may resist the strokes 
of the balistsB and the attacks of fire. 



CHAPTER XXI. 

OF OTHER SORTS OF TORTOISES. 

There is another species of tortoise, which is just the 
same as that above described, except in respect of the 
braces. This has a parapet and battlements of boarding, 
and above, an inclined pent-house round it, tied in at top 
with plank and hides firmly fastened. Over these is a 
layer of clay with hair, of such thickness as to prevent 
the machine taking fire. These machines may be made 
with eight wheels, if need be, and if the nature of the 
place require it. The tortoises made for undermining, 
called by the Greeks o/wycs, are similar to those akeady 
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described; but their fronts are formed on a triangular 
plan, so that the weapons from the wall may not fall 
direct on the faces, but gliding off from them, the exca- 
vators within may be secure from danger. It does not 
appear to me foreign to our purpose to explain the pro- 
portions and constructions of the tortoise made by Agetor 
the Byzantine. Its base was sixty feet long, its width 
eighteen. The upright pieces which rose above the 
framing, were four in number ; they were in two lengths, 
joined, each thirty-six feet high, one foot and one palm 
in thickness, and in width one foot and a half. The 
base had eight wheels, on which it was moved ; their 
height was six feet and three-quarters, their thickness 
three feet, composed of three pieces of wood dove-tailed 
together, and tied with plates of cold wrought iron. 
These turned on naves, or hamaxopodes, as they are 
called. Above the surface of the cross pieces which 
were on the base, upright posts were erected, eighteen 
feet and a quarter high, three-quarters wide, and three- 
twelfths thick, and one and three-quarters apart. Above 
them were beams all round, which tied the machine to- 
gether; they were one foot and a quarter wide, and three- 
quarters thick. Over these the braces were placed, and 
were twelve feet high. Above the braces was a beam 
which united the framing. They had also side pieces 
fixed transversely, on which a floor, running round them, 
covered the parts below. There was also a middle floor 
above the small beams, where the scorpions and cata- 
pultae were placed. Two upright pieces were also 
raised, joined together, thirty-five feet long, a foot and a 
half thick, and two feet wide, united at their heads, 
dove-tailed into a cross beam, and by another in the 
middle, morticed between two shafts and tied with iron 
ping, above which were alternate beams between the 
ffhts and the cross piece, firmly held in by the 
^ angle pieces. Into the framing were fixed 
ad smooth axles, to which were fastened the 
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ropes that held the ram. Over the heads of those who 
worked the ram was a pent-house, formed after the 
maimer of a turret, where two soldiers could stand se- 
cure from danger, and give directions for annoying the 
enemy. The ram was one hundred and six feet long, a 
foot and a palm wide at the hutt, a foot thick, tapering 
towards the head to a foot in width, and five-eighths in 
thickness. It was famished with a hard iron heak like 
those fixed on galleys, from which went out four iron 
prongs about fifteen feet long, to fix it to the beam. 
Moreover, distributed between the foot and the head of 
the beam, four stout ropes were stretched eight inches 
thick, made fast like those which retain the mast of a 
ship between the poop and the prow. To these were 
slung others diagonally, which suspended the ram at the 
distance of a palm and a foot from each other. The 
whole of the ram was covered with raw hides. At the 
further end of the ropes, towards the head, were four 
iron chains, also covered with raw hides, and it had a 
projection from each floor, framed with much skill, which' 
was kept in its place by means of large stretched ropes, 
the roughness of which preventing the feet from slipping, 
made it easy to get thence on to the wall. The machine 
could be moved in six directions, straight forward, to the 
right and left, and from its extent it could be used oin 
the ascending and descending slope of a hill. It could, 
moreover, be so raised as to throw down a wall one 
hundred feet in height: so, also, when moved to the 
right and left, it reached not less than one hundred feet. 
It was worked by one hundred men, and its weight 
was four thousand talents, or four hundred and eighty 
thousand pounds. 
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CHAPTER XXII. 

OF MACHINES FOR DEFENCE. 

I HAVE explained what I thought most requisite re- 
specting scorpions, catapultee, balistsB, and also tortoises 
and towers, who invented them, and in what manner 
they ought to he made. It did not seem necessary to 
write on ladders, cranes, and other things of simpler con- 
struction ; these the soldiers of themselves easily make. 
Neither are they usefal in all places, nor of the same 
proportions, inasmuch as the defences and fortifications 
of different cities are not similar: for machines con- 
structed to assault the bold and impetuous, should be 
differently contrived to those for attacking the crafty, 
and still dissimilar, where the parties are timid. Who- 
ever, therefore, attends to these precepts, will be able to 
select from the variety mentioned, and design safely, 
without further aid, such new schemes as the nature of 
the places and other circmnstances may require. For 
the defence of a place or army, one cannot give precepts 
in writing, since the machines which the enemy prepares 
may not be in consonance with our rules ; whence often- 
times their contrivances are foiled by some ready inge- 
nious plan, without the assistance of machines, as was 
the case with the Ehodians. Diognetus was a Ehodian 
architect, who, to his honour, on account of his great 
skill, had an annual fixed salary. At that period, an 
architect of Aradus, whose name was Callias, came to 
Bhodes, obtained an audience, and exhibited a model of 
a wall, whereon was a revolving crane, by means whereof 
he could suspend an Helepolis near the spot, and swing 
it within the walls. The wondering Rhodians, when 
they saw it, took away the salary from Diognetus, and 
conferred it on Callias. Immediately after this, king 
Demetrius, who, from his resolution, was simamed Polior- 
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cetes, prepared to wage war against the Bhodians, and 
btonglit in his train Epimachus, a celebrated architect of 
Athens. This person prepared an helepolis of prodigious* 
expense and of ingenious and laborious construction/ 
whose height was one hundred and twenty-five feet, and* 
its width sixty feet : he secured it, moreover, with hair- 
cloths and raw hides, so that it might securely withstand 
tjie shock of a stone of three hundred and sixty pounds 
weight, thrown from a balista. The whole machine 
weighed three hundred and sixty thousand pounds. 
Oallias being now requested by the Ehodians to prepariB 
his machine against the helepolis, and to swing it within 
the wall, as he had promised, confessed he was unable. 
For the same principles do not answer in all cases. In 
doine machines the principles are of equal effect on a 
large and on a small scale ; others cannot be judged of 
by models. Some there are whose eflfects in models 
aeem to approach the truth, but vanish when executed on 
d larger scale, as we have just seen. With an ' auger, a 
hole of half an inch, of an inch, or even an inch and a half, 
may be easily bored ; but by the same instrument it 
would be impossible to bore one of a pahn in diameter ; 
and no one would think of attempting in this way to bore 
one of half a foot, or larger. Thus that which may be 
affected on a small or a moderately large scale, cannot be 
^cecuted beyond certain limits of size. When the Rho- 
dians perceived their error, and how shamefdlly they had 
YTtonged Diognetus; when, also,, they perceived the 
enemy was determined to invest them, and the machine 
approaching to assault the city, fearing the miseries of 
slaTery and the sacking of the city, they humbled them- 
selves before Diognetus, and requested his aid in behalf 
of his country. He at first refdsed to listen to their en* 
treaties ; but when afterwards the comely virgins and 
youths, accompanied by the priests, came to solicit his 
£dd, he consented, on condition that if he succeeded in 
taking the machine, it should be his own^ property. This 
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leing agreed to, he ordered a hole to be made in that 
part of the wall opposite to the machine, and gave general 
as well as particular notices to the inhabitants, to throw 
on the other side of the hole, through channels made for 
the purpose, all the water, filth, and mud, that could be 
procured. These being, during the night, discharged 
through the hole in great abundance, on the following 
day, when the helepolis was advanced towards the wall» 
it sunk in the quagmire thus created : and Demetrius* 
finding himself overreached by the sagacity of Diognetua, 
drew off his army. The Bhodians, freed from war by 
the ingenuity of Diognetus, gave him thanks publicly, 
and loaded him with honours and omamenta of distinc- 
tion. Diognetus afterwards removed the helepolis within 
the walls, placed it in a public situation, and inscribed it 
thus : << Diognetus pbesented this to the peoixe out 
OF the spoils 09 WAS." Heucc, in defensive operations, 
ingenuity is of more avail than machines. A similar 
circumstance occurred at Chios, where the enemy had 
got ready sambucee on board their ships ; the Ohians, 
during the night, threw into the sea, at the foot of their 
wall, earth, sand, and stones ; so that when the enemy, 
on the following day, endeavoured to approach it, the ships 
got aground on the heaps thus created under water, 
without being able to approach the wall or to recede ; in 
which situation they were assailed with fiery missiles, 
and burnt. When, also, the city of ApoUonia was be* 
sieged, and the enemy was in hopes, by undermining, 
to penetrate into the fortress unperceived; the spies 
communicated this intelligence to the ApoUonians, who 
were dismayed, and, through fear, knew not how to act, 
because they were not aware at what time, nor in what 
precise spot, the enemy would make his appearance* 
Trypho, of Alexandria, who was the architect to the diy, 
made several excavations within the wall, and, digging 
ihrough, advanced an arrow's flight beyond the 'wbIIb. 
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latifaiese excavations he suspended brazen vessels. In 
one of them, near the place where the enemy was formmg 
his mine» the brazen vessels began to rmg, from the 
blows of the mining tools which were working. From 
this he fonnd the direction in which they were endea- 
vouring to penetrate, and then prepared vessels of boiling 
water and pitch, human dung, and heated sand, for the 
purpose of pouring on their heads. In the night he 
bored a great many holes, through which he suddenly 
poured the mixture, and destroyed those of the enemy 
that were engaged in this operation. Similarly when 
Marseilles was besieged, and the enemy had made more 
than thirty mines ; the Marseillois suspecting it, lowered 
the depth of the ditch which encompassed the wall, so 
that the apertures of all the mines were discovered. In 
those places, however, where there is not a ditch, they 
excavate a large space within the walls, of great length 
and breadth, opposite to the direction of the mine, which 
they fill with water from wells and from the sea ; so that 
when the mouths of the mine open to the city, the water 
rashes in with great violence, and throws down the 
struts, overwhelming all those within it with the quantity 
of water introduced, and the falling in of the mine. 
When a rampart composed of the trunks of trees is 
raised opposite to a wall, it may be consumed by dis- 
charging red hot iron bars against it from the balistee. 
When, also, a tortoise is brought up to batter a wall with 
a ram, a rope with a noose in it may be lowered to lay 
[hold of the ram, which being then raised by means of a 
wheel and axle above, keeps the head suspended, so that 
it cannot be worked against the wall : lastly, with burn- 
ing arrows, and with discharges from the balistsB, the 
whole machine may be destroyed. Thus all these cities 
are saved and preserve their freedom, not by machine's, 
1>at by expedients which are suggested through the 
xeadj ingenuity of their architects. I have, in this book. 
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to the best of my ability, described the constraction of 
those machines most usei^l in peace and war. In the 
preceding nine I treated of the other branches of Archi- 
tecture, so that the whole subject is contained in ten 
books. 
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PLATE I. 

Fig. 1. Is a diagram of the winds, as enumerated in 

Chapter III. Book I. 
d and 3. Are representations of ancient bricks, 

whereof Fig. 3. is that of the pentadoron. 

and its half brick, and Fig. 8. that of the 

tetradoron and its half brick. See Chapter 

III. Book II. . 
4. Bepresents the different sorts of brick and stone 

walling, mentioned by the author in the third 

and eighth Chapters of the second Book. 

A. The reticulated work (reticulatum opus). 

B. The uncertain (incertum opus). 

C. The work called isodomum. 

D. The work called pseudisodomum. 

E. The work called ^ttXcktov (emplectum). 

F. The Siaiwot or bond stones. 
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PLATE n. 

Fig. 1. The plan of a ciiy, so set out as to aflbrd 

shelter from the no2dou9 winds. See Chapter 

VI. Book I. 
d and 8. Plan and elevation of .a part of the wallff* 

See Chapter V. Book L, and Chapter II. 

Book VI. 
4. Method of determining the meridian line. 

Chapter VI. Book I. 
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PLATE m. 

Fig. 1. Is the plan of a Temple in ontis. a a are the 
antsB. If in front of them, the columns b b 
b b be placed, it then becomes a prostyle 
temple. 

A. is ^e celL 

B. the pronaos. 

C. the door. 

See Chapters I. and II. Book III. 
Fig. d. Eepresents the plan of an amphiprostyle Tem- 
ple, or one having columns in the rear as well 
as in the front. 

A. the cell. 

B. the pronaos. 

C. the posticus. 

D. the door, 
a a, antse. 

See Chapters I. and II. Book III. 
Fig. 8. The elevation of a diastyle tetrastylos Temple : 
that is, having intercolumniations of three 
diameters, with four columns in front. See 
Chapters I. and 11. Book III. This elevation 
will answer to the plans above described, ob- 
serving however, that anted must be substi- 
tuted for the external columns, to make it 
correspond with the plan of Fig. 1. 
See Chapters I. and II. Book III. 
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PLATE IV. 



Fig. !• Is the plan of a Temple, which the author says 
may be called pseudodipteral^ as described 
in Chapter VII. Book IV. 

A. the cell. 

B. the pronaos. 

Fig. 2. Is the elevation of an hexastyle Temple with a 
systyle intercolmnniation, monotryglyphal, 
that is having only one triglyph in the frieze 
over an intercolumniation. This will suit 
the plan exhibited in Fig. 1. 
See Chapter III. Book IV, 
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PLATE V. 

Fig. 1. The plan of a peripteral temple. The wings, 
or passages between the walls of the cells 
and the columns in flank, are the origin of 
the name it bears. This temple is hexastyle, 
or with six columns in front, haying eustyle 
intercolnmniations, that is of two diameters 
and a quarter. 

A. the cell. 

B. thepronaos. 

d. Elevation to double size of the plan above de- 
scribed, of the Ionic order, 
a a a acroteria. 
See Chapters 1. 11. and IIL Book IIL 
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PLATE VI. 

Fig. 1. Is tbe plan of a dipteral temple, so called from 
the double passages between the colmnns on 
the flanks lettered AAAA. Bee Chapters I. 
and n., Book ni. 

2. Plan of a pseudodipteral or £Edse dipteral tem- 

ple. This presents in front and rear the 
appearance of a dipteral temple, but the pas- 
sages AAAA of the fonner figure are herein, 
reduced to a single passage B, one range of 
columns being omitted. See Chapters L and 

n. Book m. 

3. Is an eleyation which answers to either of the 

above mentioned plans : the arrangement of 
the intercolumniations is systyle and the 
number of columns makes it octasijlos. See 
^ Chapters I. and 11. Book m. 
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PLATE Vn. 

t'ti' t. U ih« (ilau of an hypmOuil or open temple; 
ibit ^Mtft A is the hjpnthntl. or oncovered 

*• Is. I)m1i' >.'( Ml L-leTation answering to the above- 
>H«>uuvut«i ^ittk The anrmgMiient of the 
'MwvvtlBia^tDBS is |iicDos^Ie, and the 



of the tcm|ile (iuoo^ the 
Book ILL 
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PLATE YIL 

Fig. 1. Is the plan of an hypsetlinl or open temple ; 
the part A is the hjpeBtfaral, or uncovered 
part. V 

2. Is half of an elevation answering to the above- 

mentioned plan. The arrangement of the 
intercolomniations is picnostyle, and the 
number (ten) of the colnmns makes it 
decastjlos. 

3. Is a half section of the temple through the 

centre transversely. 
See Chapters L and IT. Book ICL 
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PLATE Vm. 

Pig. 1. The Doric Order. COiapter IIL Book IV. 
AJL. The Colnmn, with twenty flutes. 

B. The Capital. 

C. The Architrave^ or Epistjlium. 

D. The Frieze. 

E. The Cornice. 

F. A Metopa. 

G. A Triglyph. 

H. Capital of a Triglyph. 
Fig. a. The Ionic Order. Chapter III. Book III. 
A.A. The Column. 

B. The Base. 

C. The Capital. 

D. The Architrave. 

E. The Frieze. 

F. The Cornice. 

G. Lower Fascia. 
H. Middle Fascia. 
I. Upper Fascia. 

K. Side elevation of Capital. 

L.L. Dentels. 

M. Capital to a larger scale. 
Fig. 3. Corinthian Order. Chapter I. Book IV^ 

The plan of the Corinthian Capital. 
Fig. 4. The Elevation of the same. 
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PLATE IX. 

Fig. 1. and 2. Exhibit the parts of a Boof in section 
and elevation as described in Chapter II. 
Book IV. 

a a. Beams (Trabes). 

b b. Bidge piece (Columen). 

c. King post (Golnnina). 

d d d. Tye beam (TraQstrum). 

e. Strut (Capreolus). 

f f. Bafters (Cantherii). 

g g g g. Purlines (Templa). 

h h. Common Bafters (Asseres). 

The above letters refer to both Figures 1. and 
3. On the right hand part of the latter Fi- 
gure the tiles are shown. 
Fig. 3. and 4. Are doors with their ornaments (Ante- 

pagmenta). Chapter YI. Book IV. 
Fig. 6. The Tuscan Order. See Chapter VII. Book 
IV. 
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PLATE X- 

Fig. 1. Is a plan of a Tuscan Temple. Chapter YII. 
Book rV. The side A shows it in antis, the 
Bide B shows it prostyles. 
C. is the larger, and DD. the smaller cells. 

Fig. fi. Represents the elevation of the preceding Fi- 
gure. The arrangement of the intercolum- 
niations is Ar8BOs1ylQS.r 

Fig. 8. Is a plan of a Monopteral Temple, see Chapter 
Vn. Book IV. 

Fig. 4. An elevation of the preceding Figure. 

A. The Stylobata or Pedestal. 

B. The Flower (Flos). 

C. The Dome (Tholus). 

Fig. 5. Plau of half a Peripteral round temple. 

A. The CeU. 

Fig. 6. An elevation of the preceding Figure. 

B. The Stylobata. 

C. The Tholus. 

D. TJhe Flower. 
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PLATE XI. 

The plan of the Theatre at Pola, fonnded on the restora- 
tion by Serlio in his work on Architecture. — 
Venice, 1567. It nearly corresponds in its 
detail with the directions given in Book Y. 
Chapter YI. 
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PLATE Xn. 

Section of the Theatre irh6se pkoi Is ^yen in the fore- 
going plate ; is also founded on the restoration 
of it by Serlio^ from parts existing at the 
period he wrote. 
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PLATE Xin. 

Plan of the Theatre of Herodes Atticus, excavated on 
the side of the rock of the Acropolis at Athens. 
It corresponds in some respects with the direc- 
tions given for the plaa of the Greek Theatre 
in Book V. Chapter VIH. 
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Abacus, page 74, 83, 95. 
Abaton, 50. 
Abderites, 167. 
Abutments, 148. 
Acanthus, in the Corinthian 

capitAl, 83. 
Acdus, the poet, 206. 
Achaia, 42, bl. 
'AxpopaTiKbe, 231. 
Adds, wondexful nature of, 190, 

et seq. 
Acroteria, 77 — ^Represented, 280. 
Actors, comic and tragic, 115. 
Adjustment, 63. 
Adriatic Sea, 42, 56, 57. 
^olipile, 21. 
iBqui, in Italy, 191. 
iBschylus, 154. 
^sculapius, 12, 155. 
^thiops of the south, 183. — 

Lake of ^Ethiopia, 187. 
JStna, 41. 
Africa, prolific of wild beasts, 

192.— African plains, 184. 
Africus, 22. 
Agatharchus, 154. 
Agesistratus, 155. 
A^etor, of Byzantium, 262. 
Aisles, or wiugs, of courts, 136. 
Alabandines, 167. 
Albansd, stone quarries of, 43. 
Albula, river, 185. 
Alder, 180. 

Alexander, 29, et seq. 151, 190. 
Alexandria, 30, 152, 153, 174, 

207, 220. 
Alexis, the comedian, 128. 
Alps, 56, 58, 183, 190. 
Altanus, 24. 
Altars of the Gods, how to be 

placed, 92, 98. 
Altinum, 17. 



Amalgamation, 170, 171. 

*A/ia^67rodeQ, 260. 

Amitemine stone quarries, 43. 

Ammon, 187. 

Amphiprostylos, 66. — Plan of 
an amphiprostyle temple, 276. 

'A/juj^ipivaiCt a machine, 235. 

Amphitheatre, 27. 

Amphorae (cullearia), 143. 

An^emma, 207; on the con- 
struction of dials by the, 220 ; 
formation of the, 223. 

Anaporicum, a winter dial, 225. 

Anatona, capitals, 253. 

Anaxagoras Clazomenius, 151, 
154, 177, 219. 

Ancona, 57. 

Ancones (trusses), or prothj- 
rides, 94. 

Andrias, 223. 

Andrones, 146. 

Andronicus Cyrrhestes, 22. 

Angle- tiles, 159. 
Angles, 66 ; of a portico, 122. 
Anician stone quarries, 43. 
Anisocyclon, an engine, 231. 
Antae in buildings, 66, 145, 147; 

represented, 276. 
'AvTi)xovvTtCi places that re- 
sound, 116. 
Anterides, counter-forts, 148. 
Anthrax, 170. 
Antibasis, 253, 256. 
Antiboreus, a dial, 223. 
Antimachides, anAthenian archi- 
tect, 155. 
Antiochus, king, 155. 
Antipater, 190, 219. 
Antistates, 155. 
Antithalamus, 145. 
ApoUonia, 187, 266. 
ApoUonians, 266. 
Apollonius, 9, 223. 
Apulia, 17. 

o8 
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ApatuzioB of Alabanda, 107, et 
seq. 

Apelles, the painter, 7. 

Apemune mountains, 42. — ^De- 
scribed, 58. 

Apollo, colossal, of Ephesns, 238. 
—Of Delos, 206.— Of Delphi, 
80.- Gaines dedicated to Apollo 
and the Muses, by Ptolemy, at 
Alexandria, 152. — Temple o^ 
at Miletus, 156. 

Apophygi8,acontractLon of thick- 
ness, 95. 

Apothesis, 88. 

Aqueduct, 197. 

Aquileia, 17. 

Aquitaine, 33. 

Arabia, Numidian, 187, 189. 

Arachne, a dial, 223. 

Aradu8,264. 

Arseostylos, 68, 70, 290. 

Aratus, 219. 

Arcadia, 190. 

Arched Channels, 196. 

Arches, 148. 

Archimedes, 6, 9, 155, 205. 

Architecture, defined, 8. — On 
what it depends, 9. — Of its 
different branches, 13. 

Architrave, 93, 114. 

Archytas, 9, 155, 205. — ^Arcs or 
rods, iron (uncini ferrei), 120. 

Ardea, fountauis of, 185. 

Area, 21, 26, 63, 72, 202. 

Area, of a city, disposition and 
situation of buildings mthin 
it, 21. 

Areopa^^, 34. 

Arevanias, 48, 

Arezzo, 47. 

Argelius, 155. 

Argos, 48, 80, 191. 

Ariobarzanes, 117. 

Aristarchus, of Samos, 7, 8, 213, 
223. 

Aristides, 198. 

Aristippus, the Sooratio philo- 
sopher, 127. 

Aristomenes of Thasos, the pain- 
ter, 62. 

Aristophanes, the comic poet, 
128. — The grammarian, 152. 

Aiistotle, 151, 202. 



Aristoxenes, the musician, 7, 
107, 111. 

Arms of Catapults, 6, 253. 

Arrangement, 9. — ^In Doric pro- 
portions, 88. 

Amses, of Fillets, 78. 

Arsenal, 123, 154. 

Arsinoe, 81. 

Artemisia, 49, et seq. 

Artemo, 236. 

Artist, or workman, 149. 

Arts, relative to attacks, 19, 258. 

Ascent, 72, 96, 112. 

Asia, 38, 42. 

Asphaltic pool, 187. 

'A(nr\i|V0Ct hwb, 17. 

Astabora, river, 183* 

Astasoba, river, ib. 

Astragal, 74, 93. 

Astrologers, 112, 219. 

Astronomy, 7. 

Athos, Mount, 30. 

Athenians, 80, 128. 

Athens, 22, 34, 47, 67, 97, 117, 
156, 169, 186, 207, 220. 

'ArXavrcc, 147. 

Atlas, 183. 

Atoms, 36. 

Attack, machines for, 258. 

Attalus, 81. — ^Attalio Kings, 47, 

152. 
Attic, honey, 57 ; attio work, to 

aTTucovpyict 73, 92, 94. 
Auger (terebra), 259. 
Augustus, temple of^ 103. 
M. Aurelius, 2. 
Auriga, a celestial sign, 216. 
Avpiov, 25. 
Auster, 22. 
Automata, 224. 
Aventine, Mount, 171. 
Axis, 84, 208, 225,236, 2S8. 
Axle, 239. 
Axles, 232. 
Axon, 221. 

B. 

Babylon, walls of, 20, 187. 
Bacchus, temples of, 11, 27, 69, 

87, 117, 155. 
Baiie, 40^ — ^Baian Mountains, 41. 
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Balearic Isles, 169, 193. 

BaHsta, 6, 254, 255, 257. 

Bova vaoc, a machine for draught, 
231. 

Bands, of pillows, 75. 

Bankers' shops, 101, et seq. 

Bars (fusi), 238. 

Bars and levers, 246. 

Base (lysis), 114. 

Base (subjectio), of the cata- 
pult, 253. 

Bases, of columns, 72. 

BasiHea, 101. 

Basin, 180. 

Basin (catinnm), 180. 

Basis, base, 81, 238, 247, 260. 

Baths, their arrangement and 
parts, 120, 143. 

Bear, Great and little, constel- 
lations, 217. 

Beams (trabes), 84^ lintel beams, 
137 ; well- wrought beams, 113, 
258, 260, 267; small beams, 
262 ; see representation, 288. 

Beams (tigna), 84, 231, 233, 258, 
262. 

Beater (baciUuu), 39. 

Beaters, 158, 200. 

Beauty in building, how pro- 
duced, 13 

Bed-chambers, 145. 

Beda8,of Byzantium, statuary,62. 

Beds, of beams (columbaria), 85 ; 
of beams and rafters, 85 ; of 
stones, 45. 

Berosu8,the Chaldean, 212,219, 
223. 

Bitumen, 20, 41, 187. 

Black (atramentum), 165, 173. . 

Black, colour (coracinus), 189. 

Block (trochlea), 233. 

Blocks, of stone, 237. 

Blue, colour, 174. 

Blue-eyed People, 131. 

Body, of the roof, 136. 

Boeotia, 189. 

Bond (coagmentum), 38, 45, 91, 
188. 

Bondstones, diarSvoit 46 ; repre- 
sented, 272. 

Borysthenes, 183. 

Bossed nails (clavi muscarii), 
163. . 



Box,247; small,249; dove-tailed, 
252; of the drum-wheel, 249. 

Braces, capreoli, 253. 

Braces, in the tortoise, 261. 

Brass, Corinthian, 194. 

Brass barrels, with moyeabU 
bottoms, 247. 

Brass Coin, 65. 

Brass Founders, 44. 

Bressummers (trabes), 84. 

Brick, eight inch (bessalis), 120. 

Brick, waJls, 47 ; burnt-bricks in 
buildings, walls, &c. 51, 158. 

Bricks, 36; of baked earth, 187; 
representations of ancient 
bricks, 272. 

Bryaxes, 155. 

Bucculae, in catapults, 252. 

Buckets, 243, 246. 

Builders, who the earliest, 34. 

Building, 13; origin and pro- 
gress of, 31 ; of walls, 18, 45, 
72, 140, 147; in water, 124. 

Buildings : on their situation 
according to the nature of 
different places, 130; of the 
proportions of private build- 
ings, to suit the nature of their 
sites, 134 ; aspects proper for 
the (Afferent sorts of buildings, 
140; forms of houses suited to 
the different ranks of persons, 
ib. ; proportions of houses in 
the country, 142 ; arrangement 
and parts of Grecian houses, 
145; on the strength of build- 
ings, 147. 

Bulrush, 180. 

Burnt Brick, course of, on a 
wall, 51. 

Byzantium, 258. 



C. 



Cadiz, 258. 

Csecuban Wine, 189. 

Caius Julius, son of Maoboissa, 

193. 
Caius MutiuB, 156. 
Caldron, in baths, 120. 
Caliches (cisia), 232. 
Calentnm, 38. 
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Callfleschms, an Athenian archi- 
tect, 155. 
Callias, an architect of Bhodes, 

264, et seq. 
Callimachus, an architect named 

Oatatechnos, 82. 
Callippus, an astrologer, 219. 
Gamillum, 252. 
OamoBnfie, 184. 
Campania, 42, et seq., 58, 189, 

190. 
Candelabra in houses, 166. 
Canon in hydraulics, gavutv fiov- 

aucbe, 247. 
Canopus, constellation, 219. 
Capital, of a column, 75, 87 ; 
Corinthian, 82, et seq. ; Ionic, 
80; in macluDes, 254; Cata- 
tonum, 253. 
Capitol, 34, 69. 
Cappadocia, 188. 
Capstan, 235. 
Carbunculus, a kind of sand, 

42. 
Carchesia, or tracheli, in the 

catapult, 253. 
Cardinales scapi, 94. 
Caria, 47, 61, 81. 
Carians, 48, 81. 
Carpion, 154. 
Carthage, 187. 
Carthaginians, 25 
Carya, 4. 
Caryatides, ib. 
Casium, 187. 
Castor, temple of, 97. 
Catapult, on the, 6,251, 254, 255, 

257. 
Cataracts of the Nile, 183. 
Catatonum, capital, 253. 
Cathed, vertical lines, KdOtroc 

ypafifiij, 74. 
Caucasus, Mount, 183. 
Caulicoli (stalks), in capitals, 83, 

166. 
Caurus, wind, 22. 
Causis, a mode of painting, 172. 
Cavetto, upper and lower, 74. 
Cavities, in a theatre, 109. 
Ceilings, 160, 138. 
Cell, in temples, 66 et seq., 91 
et seq., 95 et seq. 




Cellar, wine, 14, 143 ; oil, ib. 
Cement, 12, 20, 39, 42, 45 ; of 

flint, 200 ; marble, 168. 
Centre, 64, 154, 222. 
Cephisus, river, 189. 
Ceres, temples of, 27, 68, 156. 
Cerostrata (doors inlaid), 94. 
Cetras, of Chalcedon, 258. 
Chserseas, 258. 
Chalddica, 102. 
Chaldeans, 212, 219. 
Chalk, Selinusian, 176 ; green, 

169. 
Chambers (cubicula), 11, 140. 
Channel, arpl^, 159, 164, 196, 

252, 260; in Ionic columns, 

75 ; in the catapult, 252. 
Channels (columbaria), 243. 
Charidas, 155. 
Chariot-body, 249. 
Cheek, of the chest, in the 

balista, 256. 
Cheeks (chelonia), 236, 239. 
Chelo, or manucla, 252. 
Chelonium, or pillow, 333, et 

seq. 236, 253. 
XiyX^c, in the balista, 256. 
Chest, 247, 256. 

Chion, a Corinthian statuary, 62. 
Chionides, the comic poet, 128. 
Chios, 81, 153, 266; fountain 

of, 191. 
Chips, of marble (assulse), 168. 
Choice, of salubrious places, 14 ; 

of places for the common u»e 

of the city, 26. 
Chorobates, in levelling, 195. 
Chorus, in theatres, 117. 
Xp&fia^ 107. 

Cnromatic modulation, 107, 108. 
Chrysocolla, 168, 172. 
Cicero, 207. 
Cilbian Fields, of the Ephe- 

sians, 170. 
Cilida, 187, et seq. 
Circle, 23. 
Circular application of motion, 

icvjcXir^ cxV^cric, 231, drcular 

walk, ^tavXoc, 122. 
Circumstance (static, ^e/iarta- 

fjU^)y adds to the beauty of 

a work, 10 ; of the Greeks, 50. 
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Circus, Flaminius, 97 ; Maximns, 

69. 
Cistern, 196. 

City, choice of situation for a, 
14 ; foundations of walls and 
towers, 18; distribution and 
situation of buildings within 
the walls, 21 ; choice of situ- 
ations for public buildings, 
26 ; plans relative to these 
subjects, 274. 

Clazomense, 81; fields of the 
Clazomenians, 189. 

Cleombrotus, 6. 

Cliades, 155. 

Climacis in the balista, 256. 

Climate, dial of Berosus adapted 
to, 223. 

Clitorium, fountain of, 191. 

Clod, or mass, of lime, marble, 
&c., 159, 168, 170. 

Cn. Cornelius, 2. 

Coat in stucco, 161. 

Coating, 161. 

Coats of Punic wax, 172; of 
lime or sand, 158. 

Coelia, KotXta, in aqueducts, 198. 

Ccelus, temple of, 10. 

Colchis, 183 ; buildings of the 
Colchi, 33. 

Cold Bath, lutrum, 122. 

Collars, in water engines, 247. 

Collina porta, 66. 

Colliquiae (valleys), 135. 

Coloe, marsh, 183. 

Colony, Julian, of Fano, 102. 

Colophon, 81. 

Colossus of Halicamassus, 47. 

Colours, in stucco, 162 ; natural, 
169; vermilion and quick- 
silver, 170 ; preparation of 
vermilion, 171; artificial, 173; 
black, ib ; blue, and burnt 
yellow, 174; white lead, ver- 
digrease, and red lead, 174; 
purple, 175 ; factitious, 176. 

Columella (small column), of 
the catapult, 252. 

Columen (ridge-piece), 84. See 
Plate, 288. 

Columns, 72 ; origin of the three 
sorts of, 80; Corinthian, ib. 



82 ; Doric proportions, 86 ; 

Tuscan, 95 ; Ionic, 63, 68, 72 ; 

their ornaments, how adapted 

to the sight, 77. 
Comic Poets, Greek, 100, 128. 
Compass (amussium), 23. 
Compluvium, 135. 
Compression, in hydraulics, 199, 

224, 246. 
Concameratio (vaulting), 121, 

147. 
Cone, a dial, 223. 
Conisterium, in the Palaestra, 

122. 
Consistency, 11. 
Consonances, nsktaraX^tTvuAbJvlatt 

109. 
Constellations, nortiiem, 216 ; 

southern, 218. 
Copper, cyprian, 174. 
Cord, of the Spanish broom, 161. 
Coriceum, in Jihe Palsestra, Vi'2. 
Corinthian Virgin, 82 ; columns, 

80 ; (Eci, 138 ; theatres, 111 ; 

vessel, 194; ordef, 80; plate 

relative to, 286. 
Cometan Division, in the Falis- 

can territory, 1.0. 
Cornices, 92, 103, 161. 
' Corona, 57, 77, et seq. 89. et 

seq. 93., 
Corns, wind, 22. 
Cos, isle and city, 219. 
Cossutius, a Roman architect, 

156. et seq. 
Cottian Alps, 190. 
Counterforts, anterides, 148. 
Countei-poise, 205, 225. 
Country, house in the, 142. 
Coupling, of beams, 95. 
Courts (cavsedia), 135 ; distri- 
buted into five species, ib. 
Courts (atria), 136. 
Courts, (cortes), in country 

houses, 142. 
Cover, in the machine of Ctesi- 

bius, 237. 
Crane, revolving (carchesia), 

264. 
Crane, or grappling-hook (grus), 

259. 
Crathis, river, 189. 
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Crete, isle of, 17, 56. 

Creusa, 81. 

Criodoche, a machine, KpioiSx"!, 

259. 
Crocodiles, 164. 
CroBSUS, 151 ; house of, 47. 
Cross-front, 256 . 
Cross-pieces, 163, 195, 331, 358, 

260. 
Crossing, of laths, 51. 
Crowning members (fastigia), 77. 
Ciypts, in temples, 141. 
Ctesibius, 6, 155, 323, et seq. 

his machine, 346. 
Ctesiphon, of Gnosus, 67, 154, 

156; machine of Ctesiphon, 

337. 
Cubit, the fourth part of the 

height of the body, 64. 
Cullearia, 143. 
Cumse, 124 ; Cuman Mountains, 

41. 
Cuilff, 104. 
Cutilium, 186. 
Cybdelus, 187. 
Cychri, in Thrace, 190. 
Cyclades, 169. 

Cydnus, a river of Cilicia, 187. 
Cymatium, 73,. 80, 87. 
Cynosura, Ki/i/otrovpa, 217. 
Cyrene, 189. 
Cyziceni, oed, 139 ; triclinia, 145. 



D. 

Dams, 124. 

Daphnis, of Miletus, architect, 

156. 
Darius, 151. 

Decastylos, 67 ; represented, 384. 
Decoration, in theatres, 113 ; on 

polished stucco, 164. 
Defence, machines for, 364. 
Defences (munitio), of a city, 

19, 56, 264. 
Delphi, 154; Delphic Apollo, 

61, 81. 
Demetrius Phalereus, 156. 
Demetrius PoUorcetes, 264, 265. 
Demodes, 155. 



Democritus, of Abdera, 36, 101, 
154, 201, 206, 219, et seq. 

Demophilus, 155. 

DentiUed, cornice, 11. 

Dentils, 11, 76, 85. 

Diades, 258, 259. 

Diagonal, line, 83, 136, 203. 

Diagram, 107. 

Diagrams, 127. 

Dialling, a part of architecture, 
13 ; on the construction of 
dials, 207, 220 ; of various 
dials and their inventors, 323. 

Diameter, 113, 221, 349. 

Diana, temples of, 11, 67, 81, 
97, 154, 156, 237, 238; statue 
of, in cedar, 55. 

Diapason, 109. 

Diapente, 109. 

Diastylos, 68, 70; elevation of 
a (^astyle tetrastylos temple, 
276. 

Diatessaron, 109. 

Aid9e<ric, arrangement, 9. 

AidOvpov, 146. 

Diatonic, modulation, 107. 

AiarSvoi, or bond-stones, 46; 
representation of, 272. 

AiavXoQ, 122. 

Didoron, di^wpov, a kind of 
brick, 37. 

Diesis, in music, 107. 

Diezeugmenon ,dc€^c v7^vov,108. 

Digit, a measure, 65. 

Dimension (quantitas), 9 

Diminution of columns, 70, 93. 

Aifioipog (two-thirds), 65. 

Dinoerates, architect of Alex- 
ander the Great, 29. 

Diognetus, of Rhodes, architect, 
264, et seq. 

Diomedes, founder of Salpise, 17. 

Dionysodorus, 223. 

Dioptra, 195. 

AivrixaiKij, in ships, 10. 

DiphiluB, the architect, 105. 

Ai7r\a(Tlu)v, 65. 

Diplinthius (two bricks), 50. 

Dipteros, 67 ; dipteral arrange- 
ment, 156 ; plan of a dipteral 
temple, 982. 

Direction, by rule and square. 
160. ^ ' 
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Discus, on a plane, 228. 

Disdiapason, 109. 

Disorders, obstinate, in exposed 

situations, 21. 
Displuviatum, 135. 

Dissonant places, KaTtixoyvTiCt 

116. 
Distance, of planets from the 

sun, 213. 
Distribution, 9, 11, 45, 87, 166. 
Distribution and situation of 

buildings within the walls, 21. 
Divisions, of a city, 24. 
Dolphin, in hydraulics, 247. 
Dome (tholus), 167. See Plate, 

290. 
Doors, of temples, 92 ; of two 

folds (bifora), 92. 
Doorways, of temples, 92, 137. 
Doric proportion and column, 

11, 80, 86. Plate relative to, 

286. 
Doron, d&povj a pahu, 37. 
Dorus, king of Achaia and Pe- 
loponnesus, 80. 
Dove-tail, 96, 256; dove-tailed 

box, 252. 
Dowels, dove-tailed, 96,237,244. 
Draught, machines of, 15, 233. 

(See Machines.) 
Dressing (antepagmentum), 92, 

et seq. 
Drum-wheel, 235, 244, 249; 

toothed, 224, 244. 
Dyris, river, 183. 
Dyrrhachium, 187. 



E. 



Eabth, circuit of, 24; proportion 
of, in various trees, 54; altars 
to the, 98; pressure of, in 
foundations, 148. 

Eaves, 57, 135, 167, 259. 

'Hx«To, 6, 109. 

Echinus, in capitals of columns, 
87, 95. 

Economy, 12. 

^EKfcXfjcruKTr^lotov, a theatre, 167. 



I 'Ec^opa, projection, 73, 134. 

Egypt, 30, et seq., 92, 130, 169, 
184, 187, 219. 

Egyptian (Eci, 138, et seq.; 
priests, 138, 178. 

Eight parts, division into, 244. 

Elaeothesium, 122. 

Elbow (geniculus), in aqueducts, 
198. 

Elephantis, 184. 

Eleusis, temple of Ceres at, 156. 

•EXIcij, 217. 

Elphias, of Rhodes, 17. 

Embates, module, 87. 

Embroidering, rooms for, 140. 

Empedocles, 177. 

*E/iir\iKrov, a method of build- 
ing, 46 ; representation of, 
276. 

Ends of ropes (ansss rudentis), 
257. 

Engibata, 246, iyyipaTa vel ly- 
yipara. 

Engines, distinguished from 
machines, 231 ; for drawing 
water, 242, 244; water en- 
gines, 247. 

Engonatos, a dial, 223. 

Enharmonic modulation, 107. 

Ennius the poet, 206. 

Entablatures, 237. 
* Entasis, a swelling in the mid- 
dle of columns, evraffie, 71. 

Epagon, kiraybjv dprk/iuVf 236. 

Ephebeum, 122. 

'E^ecrof, 65. 

Ephesus, 81, 154, 156, 170, 237, 
238 ; law of the Ephesians on 
building, 228 ; mines in, 172. 

'E9r()3a0pa, ladder of the Greeks, 
200. 

Epicharmus, 177. 

Epicurus, 36, 128, 151. 

'^miifioipoct 65. 

Epigrams, Greek, three, in- 
scribed on fountains, 191, 
192. 

Epimachus, the Athenian archi- 
tect, 265. 

'ETriTTCi/rc^oipoCf 65. 

Episcenium, 167. 

'E7r«rx«^€C, 267. 

Epistylium, 68, 88, 108. 
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'EwinOldeCy Bimse, in the coronpe, 

77. 
Epitoxis, 252. 
'Eirirpirof, 65. 
Epizygis, 255. 
Equilibration, 240. 
Eratosthenes, of Cyrene, 9, 24, 

et seq. 20(5, et seq. 
Eretrian Earth, 17b. 
Eiismse, anterides, t6 Iptlfffia, 

148. 
"EpfiridSvri, constellation, 218. 
Erythrse, 81 ; Erythreean fields, 

189. 
'Ecrxapa, basis of the balista, 

256, 260. 
Eucrates, the comic poet, 128. 
Eudsemon, the astrologer, 219. 
Eudoxus, 219, 223. 
Euphranor, 155. 
Euphrates, 183. 
Euripides, disciple of Anaxa- 

goras, a dramatic philosopher, 

177; his tomb, 190; extract 

from his Phaethon, 211, 
Euronotus, 24. 
Eurus, 22. 
Eustylos, 69. 
Eutheia, 239. 
Evangelus, 239. 
Evaporation, 174. 
Exedra, 122, 138, 145, 166, 

171. 



F. 



Fabebius, the scribe, 171. 

Face, of walls, 37, 45. 

Face-walls, 45. 

Facings (crustflB), 46 ; of mar- 
ble, 165 ; facings cut from 
walls, 163. 

Factitious colours, 225. 

Falemian Wine, 189. 

Faliscan Territory, ib. 

Fano, 57, 102. 

Fasciae, 76, et seq.; in doors, 
93. 

Fastigia, in buildings, 77, 96 ; 
in pavements, 159. 

Faunus, temples of, 66. 



Felling of timber, 62. 

Female Joint, 226 

Femur, in triglyphs, fiijpoc, 88. 

Fence-work, 90. 

Ferentium, 44. 

Fidenates, stone quarries of the, 

43. 
Fillets, 73. 
FiUets of lime, 91. 
Filling of ditches, 260. 
Filling-in, 46. 
Fir, 53 ; infemtis and supemas, 

57. 
Fire, discovery of, 31. 
Fitness, ordinatio, ra^tc* 9. 
Flaminian Circus, 97, 223. 
Flint-stones, quames of, 43. 
Floor, 262. 

Flooring, 102, 157, 158. 
Floors, 259. 

Flora, temples of, 11, 172. 
Flowers, 83, 166; see plate, 

290 ; flowers of sulphur, 174. 
Flutes, in columns, 91, 99, 

107. 
Flutings, 89. 
Folding-doors, 113, 94. 
Foot, 64. 
Fore-arm, the fourth part of 

the height of the body, 04. 
Fore-piece (antefixa), 258. 
Fortuna Equestris, temple of, 

68 ; temples to the three For- 
tunes, 66. 
Forum, 101. 
Forum, of Caesar, 68. 
Foundation-waU, in a harbour, 

124. 
Foundations, 18, 72, 105, 147. 
Four Folds, doors of, 94. 
Frames, or margins of pannels, 

165, 166. 
Framing (coagmentatio), 53. 

(commissura), ib. 

(compactio), 262, 

(oontignatio), 68, 84. 

France, 183. 

Frigidarium, 122. 

Fulcrum (hypomochHum), 240. 

Fundi, a town of Campania, 

189. 
Furnace, in baths, 120 ; mouth, 

ib., 173. 
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Fnssitias, the first of the Latins 
who wrote on architecture, 
155. 

Fastema, npper part of the fir, 
54. 



G. 



Galatia, 175. 

Galleries, 115. 

Ganges, 183. 

Gates, 142, 145. 

Gaul, 17, 33. 

Geometry, 8. 

Gerasia, 47. 

Gladiators, shows of, 101. 

Glass, 176. 

Gnomon, ffKiaOripaCt 23, 220. 

Gnosns, 17, 156. 

Gold, method of detecting silver 

in, 204. 
Gonarche, a dial, 223. 
Gortyna, 17. 
Granaries, 141, 143. 
Grappling Hook, 259; machine, 

260. 
Gravel, 36, 179. 
Greeks, buildings of the, 145, 

et seq. ; winter apartments, 

165; theatres, 115, et seq.; 

their ancestors, 201; comic 

poets, 100. 
Gudgeons, 233, 237. 
Gut-ropes, 6. 
Guttfle, under triglyphs, their 

distribution, 89. 
Gutter (alveus), in baths, 121. 
Gutter-plates (deliquifle), 136. 
Guy, 234. 
Gymnasium, 123. 
Gynaeconitis, 145. 



H. 

Half Bbicks, 37, 
Halicamassus, 47. 
Hamaxopodes, 262. 
Hand-spikes, 6. 
Handle (ansa), in machines, 

240. 
Harbours, structure of, 123. 



Harmony, 105, 106, 181. 
Harpers, citharoedi. 111. 
Hatchet (ascia), for lime, 160. 
Health, temple of, 11. 
Healthy situations, choice of, 

Heaps of stones (aggeres), in 

harbours, 124. 
Heavy-roofed Temples, 88. 
Hegesias, 103. 
Helepolis, 264. 
Helices (volutes), 83. 
Hellas of Athens, the statuary, 

62. 
HeUen, father of Dorus, 80. 
Hemisphere, 121^223. 
Hemitriglyph, 89. 
Heptabolus, lake, 183. 
Heraclitus, of Ephesus,fficor€tvAc, 

35, 177. 
Hercules, temples of, 11, 27, 47, 

69." 
Hermogenes, of Alabanda, an 

architect, 67, 70, 86, 154. 
Herodotus, 193. 
Hetrurian Haruspices, 27. 
Hexachord, hydraulic, 247. 
Hexagons, in pavements, 158. 
Hexastyle, 69 ; elevation of an 

hex'astyle temple, with a sys- 

tile intercolumniation, 278; 

hexastyle with eustyle inter- 

columniations, 280: 
Hierapolis, 188. 
Hiero, 204. 
Hillocks; 33. 
Himera, river, 187. 
Hinge- styles, in doors, 94 
Hipparchus, 219. 
Hippocrates, the physician, 7. 
Hippopotamus, 184. 
Homer, 153. 
Homeromastix, ib. 
Homotona, 6. 
Honour and Virtue, temples of, 

67, 166. 
Hoops, iron, 252. 
Hopper, in water-mills, 244. 
Hospitalia, in Grecian houses, 

146 ; in theatres, 114. 
Hostilius, M. 17. 
Hour-lines, projection of, 222. 
House of Eomulus, 34. 
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HydimoKo madiines, 847. 

Hjmettos, mount, 47. 

HypcUuos (va^), 67 ; Hypae. 
thnl walks, 10, 118.— Plan 
of an H jpaethral temple, 384. 

Hypanis, riyer, 170, 183, 188. 

Hypate. 108. 

HyperboliBon, 108. 

Hyperthynmi, 93. 

Hypogea, under-ground apart- 
ments, 147. 

HypomocUimn, d40. 

Hypotnchelion, 71, 77, 87, 95. 



IbHNBXTKOH, 184. 

Ichnography, 10. 

letiniis. architect, 154, 156. 

Idea, Idiai, 10. 

Impluvimn, court, 187. 

Incertmn Opus, a method of 

building, 45; representation 

of, 272. 
Inclination, 148. 
Increase, of days, 220. 
Index (bulla), in dials, 225. 
IndiA, 183. 
Indigo, 172. 
Indus, river, 183. 
Inlaid Doors (cerostrata), 94. 
Intercolumniatlons, 68, 87. 
Intersection, furoxA, 77. 
— — — ^— (decussatio), 23 
Intertignium, space, 85. 
lolans, 190. 

Ion, whence lonians, 81. 
Ionic proportion, Ionic work, 

80, 85 ; plate relative to, 286. 
Iron cramps (ansse), 45. 

instruments, 160, 170. 

Isis, temple of, 27. 
Ismuc, town of, 192. 
Isodomum, work so called in 

walling, 46 ; representation of, 

272. 
Isthmian games, 201. 
'^taly, 42, 101, 111 ; commenda- 
^*on of, 133 
180. 



J. 



Jack (ehoragium), 248. 

Joiner'a Work, 54, 103. 

Joints, male and female, 336. 

Joist (axis), 158. 

Joppa, 187. 

Journeys, contnTanoe fixr mea- 
suring, 249. 

Juba, kmg, 192. 

Julian colony, of Faao, IQSL 

— — bam'lica on the Aqiiilini> 
102. 

Julius, the god, temple ot 68. 

Juno, temples of, 11, 26, 80. 

Jupiter, temples of, 10, 26, 47, 
66, 108, 155 ; altar of, 98 ; 
planet, 210. 



TjETOKeKavftivoi, hills, in Mysia« 
41. Catakecaumenkan wine, 
189. 

Kar^xovvrcc, 116 

Keys, in water-engines, 248. 

King-post, 84. See plate, 288. 

Kitchen, in eountiy-houses, 143« 

Kpio86n§, 259. 

KvcXun) glvfiniQ, 231. 

KvcXitfri), 239. 

Kvvo^o^pa, 217. 



Laboratoet, 170, 172. 

LacedflBmon, 47. 

Laconicum, in baths, 121, 173. 

Lacotomus, line, 222. 

Lacunar, a dial, 223. 

Lacunaria, 87. 

Ladder, for scaling walls, called 
hmfioBpa, 260. 

Landscapes, on walls, 166. 

Laodiceans, fields of the, 189. 

Larignum, castle of, 56. 

Laths, crossing of, 51. 

Law, 6; Roman law on building, 
50; law of the Ephesians, 
229; law of the Athenians, 
on the maintenance of pa- 
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rents by ofaildren if instaraoted 

by them in the Arts, 137. 
Layer of rubbish, 151. 
Lead, red, 169, 174; white, 174. 
Leading-rope, 233, 234. 
Lebedos, 81. 
Lelegffi, 48, 81. 
Lemnos, 169. 
Leochares, the statoary, 48, 

155. 
Leonides, 155 ; his precepts on 

the symmetries, ib. 
Lesbos, isle of, 31, 188. 
Level, 22. 

Level of water, 113, 164, 186. 
Levelling, and the instmments 

used for that purpose, 195, 

239. 
Lever, 143, 240; for pounding 

rubble, 158. 
Lever (phalanx), 242. 
Libraries, 140; of Alexandria 

and Pergamos, 152. 
Lichanos, in music, 108. 
Licinius, the mathematician, 

167. 
Lime, 89, 158, 159, 164. 
Lines, fh>m the points of sight 

and distance, 154. 
Llntel-beams, 137. 
Liparis, a river of Cilicia, 187. 
AoycTov, in theatres, 115. 
ASyoQ dtrriKbg, 8. 
Loose ground, in foundations, 

72, 157. 
Aovrp^y, cold bath, 122. 
Love-sickness, 48. 
Lucania, 189. 
Lucretius, 206. 
Lydia, 167, 189. 
Lyncestis, fountain of, 190. 
Lysippus, the statuary, 62. 



M. 

Macedonia, 29, 158, 190. 

Machinery, 230. 

Machines, 231 ; of draught, 
233, 234; the polyspaston, 
236 ; Gtesiphon's contrivance, 
237; piinoiples of mechanics. 



239 ; engines for raising 

ter, 242, 244; machines of 

CtesibiuB, 246 ; for measuring 

a journey, 249, 250; for warj 

251, 263. 
Mseonia, 189. 
Magi, 177. 

Magnesia, 67, 154, 170, 192. 
Male-joint, 226. 
Mamertine wine, 189. 
Manacus, circle, 222. 
Manucla, in the catapult, 252. 
Marble, on the preparation of, 

for plastering, 168. 
Marius, trophy of, 156. 
Mars, temples o^ 11, 27, 48; 

planet, 210. 
Marseilles, 34, 38, 267. 
Marsh- weeds, 125. 
Martian aqueduct, 184. 
Masinissa, 193. 
Mathematics, 65, 106, 222. 
Maurusia, Mauritania, 183. 
Mausoleum, 49, 155. 
Mausolus, 47, 49. 
Mazaca, a town of Cappadoda, 

188. 
Mechanics, 223 ; principles oi^ 

239. 
MeduUi, 191. 
Melampus, 155, 191. 
Melas, 48 : river, 189. 
Melitan wine, 189. 
Melite, 81. 

Melo, the astrologer, 219. 
Melos, isle of, 219. 
Menesthes, 67. 
Mercury, temples of, 27, 48; 

planet, 209. 
Meroe, 183. 

Miipdc (femur), in triglyplis, 88. 
MesaulsB, 146. 
Mese, in music, 108. 
Metagenes, son of Ctesiphon« 

154, 156, 237. 
Metal-founder, 44. 
Metellus, portico of^ 67, 
Merox»), 77. 
Metopse, 85, 88, 89. 
Metrodorus, 193. 
Miletus, 81, 156. 
Mill, 144. 
MiUs£6ne, 244. 
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Hilo, of Crotona, 201. 

Mine (in sieges), 266 ; mines of 

metals, 169. 
Minenra, temples of, 7, 11, 26, 

97, 154 ; promontory, 123. 
Minor, 162. 
Mis^jles, 266, 267. 
Mithridatic war. 117. 
Modulation, 117; in mnsic, 

108. 
Module, 87, 117. 

Monopteral temples, 96, 154. 

See Plate, 290. 
Monotriglyph, 89. 
Monoments, 44, 48. 
Moon, temples of the, 10, 112. 
Mortice (carchesium), 253. 
Mortised beams, 261. 
Mummius, L. the overthrower 

of Corinth, 111. 
Murena, sedileship of, 47. 
Musical proportion (canonica 

ratio), 6, 106. 
Mutins, C, architect, 67, 156. 
Mutule, 80, 85, 147. 
Myagrus, the Fhociean sta- 

taary, 62. 
Mylasa, town of, 48. 
Myron, sculptor, 7, 62. 
Mytilene, town of, 21. 
Myus, 81. ■ 



N. 

NaiIiS, bossed, 163. 

VojbCf iv rrnpaordai, 66. 

Narrow Pa^s, 23. 

Nations, southern, weak, but 

acute; northern, strong, but 

obtuse, 132, et seq. 
Naves, of wheels, 249, 260. 
Naves, or hamaxopodes, 260. 
Nemiean games, 201. 
Neptunus Panionius, temple of, 

81. 
Note, in music, 109. 
Nexaris, 155; his precepts on 

the symmetries, ib. 
Nichomachus, painter, 62. 
Niger, river, 183. 
Nile, 30, 92; source of, 184. 



Nonacrian region, in Arcadift, 

190. 
Numisius, P., architect, 2, 
Nymphodoms, 155. 



O. 



Oaxen fii£S, 124. 
'Qxpa, 169. 
Octagonal tower, 22. 
Octastylos, 67, 69. 
Octochoid, in hydraulics, 247. 
Octogenariffi, pipes, 197. 
Odeum, 117. 
CEci, halls, 138; Grecian, 139, 

145. 
(Ed Cyziceni, 139. 
(Ecus, in^ Grecian houses, 145. 
Of a^, a tiller, 241. 
Oil-cellar, 143. 
Olive-wood, charred, advantage 

of, in walls, 19. 
Olympic games, 201. 
Olympius, Jupiter, 67, 156. 
'Orraii beds of beams, 85. 
Openings, for air ;* or mouths 

of channels, 164, 245 ; of a 

furnace, 173. 
Optics, 4. 
Oracles, on Socrates, 61; on 

colonies of the Greeks to be 

settled in Asia, 80. 
Orchestra, 112, 113. 
Orders, of architecture, 72, 

80, 86, 95 ; representation of; 

286, 290. 
Ornaments, of columns, 72, 

84; of epistylia, 101, 113; 

doors, 92. 
Orpiment, 169. 
Orseis, Nymph, mother of Do- 

rus, 81. 
Orthography, 10. 
'Opvyf^t tortoises, 261. 
Ostrum, purple, 175. 
Ovals, in pavement, 58. . 
Overhanging, 124. 

P. 

Paces, one thousand, 250 
Paddles, in water-mills, 244. 
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Paeomus, of Ephesus, architect, 
156, 238. 

Painters, celebrated, 63. 

Painting in buildings, on the 
use of, 169. 

Painting Booms, 140. 

Palaestra, 122, 142. 

PaUienses, stone-quarries of the, 
09, et seq. 

Pahn, 87, 64. 

Panionius Neptunus, temple of, 
81. 

Paphlagonia, fountain of, 191 

Parsetonium, a town of Egypt, 
187. 

Parallels, in catapults, 112. — 
Parallel-line, 222, 252. 

Paramese, in music, 108. 

Faianete, in music, ib. 

Parapet, 102, 114, 120, 259. 

JLaoaarAct ^ temples, 145 ; in 
tne catapult, 252. 

Parastatse, 103, 252. 

Parhypate, in music, 108. 

Parmenio, 223. 

Paros, 239. 

Passage (xystus), of theatres, 
119, 122. 

Passages (fauces), to courts, 
137. 

Patrocles, 223. 

Pausanius, 5. 

Pavement, 157, 163. 

Peaked, tiles, 158. 

Pearls, soluble in acids, 191. 

Pedestal, 114. 

Pelecinon, a dial, 223. 

Peloponnesus, 4, 80. 

Pentadoron, 37; a kind of 
brick of five pahus; repre- 
sentation of, 272. 

UtvTdfioipoQ, 65. 

Pentaspastos, block of five pul- 
leys, 234. 

PenteHcus, mount, 47. 

Penthouse, .261. 

Pephasmenus, a Tyrian arti- 
ficer, 258. 

Pergamus, 152. 

IIcpu(in'oi,114. 

Pericles, odeum of, 117. 

UtptSp6fiiStQ, 146 ; Xysti, 123. 
-'IlfpuyxovyrcCy 1-16* 



Perimetros, 112. 

Peripteros, 66, 96.— Plan of a 

peripteral temple, 280, 290. 
Peristylium, 122, 145; Doric, 

137 ; Rhodian, 145; in pri- 
vate houses, 138. 
TJtpirpriros, sight hole in the 

balista, 10, 255. 
UipiTpoxoc, 235. 
Perpendicular, 77, 195, 212. 
Perpendicular-line, in dialling, 

220« 
Persian, portico, 5. 
Perspective, 154. 
Pesaro, 57. 
Pharax, of Ephesus, a statuary, 

62. 
Phasis, 183. 
PheUos, in a dial, 225. 
Phidias, the statuary, 62. 
Phileos, 154. 

Philip, son of Amyntas, 258. 
Philip, the astrologer, 219. 
Philo of Byzantium, 155, et 

seq. 
Philolaus of Tarentum, 9. 
Philus, 156. 
Phocsea, 81. 
Phiygia, 188. 
Phrygians, 33. 
4>0($77Oi, 108, 109. 
Phyros, 155. 
Physicians, 17. 
Phjrsics, 35. 
4>t;<noXo7ta, 5. 
Phyteus, 155. 
Piacenza, 207. 
Picenum, 43. 

Pictures, cut from walls, 47. 
Pictures, large, 164, 165. 
Piers, in buildings, 120, 148, et 

seq. 
Piers in harbours, 124. 
Pile, driring, 72, 234. 
Piling, 55. 

Pillars, for marking time, 224. 
Pillow, in a capital, 74 ; in the 

catapult, 253. 
Pillowed (Ionic) capital, 74, 

103. 
Pin (fibula), 233, 234. 
Pinacotheca, 138. 
Uiyal 248. 
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Pinna, 186. 

'Finning, of beams, 284. 

Pipes (fistnliB), in hydranHcs, 

96, 186, 246. 
Pipes (tabnU), 197. 
Piriens, harbonr, 154, 186. 
Pisistratus, 155. 
Piston-rods (anoones), 248. 
Pistons, 246. 
Pitane, a city of Asia, 88. 
Pivots (chodaces), 137. 
Pixodauras, called Evangelos 

for having diseoYered a qnany 

of marble, 238. 
Places, salubrious, choice of, 

14; places for the common 

use of a city, 26. 
Plan of a city, should be poly- 
gonal, 19. 
Planets, 207. 
Planking. 261. 
Plaster- work, 39, 200, et seq. 
Plastering (tectorium opus), 37, 

47, 120, 168 ; preparation of 

marble for, 168. 
Plastering (albarium opus), 104, 

121. 
Pkto, 64, 151, 201. 
Pleuritides, rules in hydraulics, 

248. 
Plinthium, a dial, 228. 
Plinths, 56, 68, 72; in the 

column, 69, 78, 05. 
Pneumatic machine, 231. 
Pneumaticos, 231 . — ^Pneumatics, 

228. 
Po, river, 56, 67, 188. 
Podium, in a theatre, 118; 

around a temple, 78, 165. 
Pole, in a gnomon, 208 
Poles, 181. 

Polishing, of pavements, 158. 
Polishing, of plastering, 160, 

168, 164, 169, 171. 
Pollis, his precepts on sym- 

metty, 155. 
Polycles of Adramyttium, the 

painter, 62. 
Polydetus, the sculptor, ib. 
Polygonal towers, 19. 
Polyidus, 155; of Thessaly, 

temp. Philip of Maoedon, 

258. 



PolyBpasfam, a machine, 886. 

Pontine marshes, 17. 

Pontus, 88, 180, 169, 176, 18t, 
188. 

Pores, 179, 199. 

Porinus, an Athenian araliitaety 
155. 

Portable dials, 228. 

Porter's rooms, l45* 

Portioo, of Eumenes, 117; of 
Pompey, ib. ; douUe poztico, 
122; portico on three sides, 
l45; portioo behind the 
scenes, 117 ; in baths 122, 
123. 

Portugal, 88. 

Posidonius, 198. 

ILoffSn^C, dimension, 9. 

Posticum, rear of the temple, 
67, 74. 

Posts, 148. 

Pothereus, 17. 

Potsherds, coat of; 164. 

Pozzolana, 40, et seq. 

Praednctiones, passages, in thea- 
tres, 105. 

Praxiteles, 155. 

Press, 143, 242. 

Press-room, 148. 

Pressure, in mechanics, 240. 

Priene, a city of Asia, 7, 81, 
154. 

Principles, 9roi%dEa, to be con- 
sidered in the choice of sitoa- 
tions, 15, 85. 

Prison, on the, 104. 

ProBtus, daughters of, 191. 

Proconnesian marble, 47, 280. 

Projection, 51, 73 ; of loofe, 
84. 

Projections (orepidines), 69, 98, 
124. 

Projecture, 98. 

Promontories, 128. 

Promontoiy, of Minerva, ib. 

Pronaos, 74, 90, 96. 

Propigneum, 122. 

Proportion, 18, 68. 

Proportional instrument^ of 
Eratosthenes, 206. 

Props, 28. 

Proscenium, 112. 

Proserpine, templee of; 11, 160. 
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Froslambanoinenos, in music, 

108. 
Prospanclima, xpbc t&v i^ijia, 

a dial, 223. 
Prostahistoromnena, xpbs rd l^- 

rop^fupa, a dial, 223. 
TLpoirrdCt 145. 
ProBtylos, 66. 
Frothyrides (trasses), 04. 
Frothynim, 146. 
Protyran wine, 189. 
Pseudisodomum, work so called 

in walling, 46; representation 

of, 272, 
Psendodipteros, 66, 70. 
' Psendoperipteral temple, 07 ; 

plans of; 278, 282. 
Pteregoma (wing), 256 
Pteroma trrkpuna^ 90, 97. 
Ptolemy, king, 162, 163. 
Pulley, 223, panim, 233, 235, 

236, 239. 
Pulpitom, Xoyeloy, in a theatre, 

112, 116. 
Pumice-stone, Pompeian, 41. 
Purlines (templa), 84. See Plate, 

288. 
Purple, 176 ; colours, how pre- 
pared, 176. 
PuzzuoU, 174. 

Pycnostylos, 70, et seq. ; repre- 
sented, 284. 
Pythagoras, of Samos, 100, 177, 

201, 203, 219, 246. 
Pythagoreans, discipline of the, 

86. 
I^ythian games, 201. 
I^iMus, of Priene, architect^ 7, 

et seq., 86. 
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QniDBAGSNABU, pip68, 107. 

Quadrant, 76. 

Quartile, 8. 

Quicksilver, 170. 

Quinaria, pipes of five digits, 

197. 
Quinquagenariai pipes, ib. 



Quiiinus, temple of, 67, 172. 
Quiver, a dial, 223. 



B. 



Battbbs (cantherii), 84, 102. See 

Phite, 288. 
Kafters (asseres), 84. See Plate,* 

288. 
Bails in doors, 94. 
Rain water, 182. 
Hammer, for loose earth, 157, 

166. 
Bamparts, construction of, 20. 
Bavenna, 17, 65, 67 
Beceptade of waters, 197. 
Becession of objects in painting, 

164. 
Bechamus, 233. 
Bed lead, 169, 174. 
Beeds, indicate water, 180; Gre- 
cian reeds, 160. 
Beflection from polished walls, 

163. 
Beservoir, 197, 226, 246. 
Besonant places, 116. 
Beticulated work, in walling, 

45 ; represented, 272. 
Beverberation, 106. 
Bhine, 183. 

Bhodes, 49, 127, 175, 220, 264. 
Bhodian portico, 145. 
Bhodians, 174, 264, et seq.; 

their fleet, 49. 
Bhone, 183. 
Bibs (asseres), 160. 
Bidge-piece, columen, 84. 
Bight angled triangle, method 

of constructing, 203. 
Bight line, 4. 
Bivers, the greatest, flow from 

the north, 183. 
Boads leading to gates, 19. 
Bod, iron, (arcus ferreus), 120. 
Boiler, or cjrlinder, 237, 259. 
Bome, praise of, 50, et seq., 

133. 
Bomulus, house of, 84. 
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Roofs, 84, 96 ; parte of a roof, 
represented in section and 
elevation, 288. 

Booms, 138, 144, 160, 162, 163. 

Bopes, in machines of draught, 
234. 

Bules, in hydraulics, 284. 



S. 



Sagoino, 148. 

Salapia, town of, 17. 

Salmacis, fountain of, 48. 

SafijSujci?, 131, 266.J 

Samos, 81, 154. 

Sand, 38, 39, 161 ; strong, 
common, and red, 179; coun- 
terpoise of, 225. 

Sand-coat, in stucco, 161. 

Sand-pit, 38, 41. 

Sand-stone, 41, 43. 

Sapinea, 54. 

Sardians, 47. 

Samacus, 155. 

Saturn, planet, 210. 

Satyrus, 155. 

Sawing into four quarters, 54. 

Scale-beam, 240. 

Scaling machine, 259. 

Scamilli (impares), 73, 118. 

Scansoria, 231. 

Scaphe, a dial, 223. 

Scarlet-dye, 175. 

Scene. See Theatre. 

Scene painting, 115. 

Scenography, 10. 

Schemata, 25. 

Schola, in a bath, 121. 

Scopas, 155, 223. 

Scorpion, a machine, 6, 19, 231, 
251. 

Scotia, in columns, 73, 89. 

Screw-press, 143. 

Screw-pump (cochlea), 244. 

Sculpture, 7 ; of the cymatium, 
93. 

Scutula, sight-hole, 255. 

Sea, superior and inferior, 58. 

altar of the, 98. 

Seasons, changes of the, 220. 



Semicircular dial, 223. 

Semicylinder, 206. 

Semiramis, 187. 

Semimetopae, 88. 

Semitone,. 107, 

Septentrio, 22. 

Septimius, P. 155. 

Serapis, temple of, 27. 

Sesquialterum, 65. 

Sestertium, 65. 

Settling of timber, 157. 

Sewage, 6, 119. 

Sewers, 119, 

Shaft, of a column, 69 ; of the 

climacis in the balista, 204 ; 

in stfdrcases, 204; of the 

water- screw, 245. 
Shafts (scapi), in machines, 237. 
Sheepcotes, 143. 
Shield (clypeus), in the Laconi- 

cum, 121. 
Sicilicus, 256. 
Sicily, 187, 189. 
Side -pieces, 261. 
Side-posts (paraRtatse), 252. 
Sight-hole, in the balista, 254. 
Signs, of the zodiac, sun's 

course through, 214. 
Silanion, 155. 
Silenus, 154. 
Silver, method of detecting,when 

mixed with gold, 204. 
Silver-mines of Alliens, 169. 
SimBB (epitithides), in the co- 

ronse, 77. 
Singing birds, in hydraulics, 

246. 
Sinkings, in the soffit of the 

corona, 89. 
Sinope, 169. 
Six, deemed a perfect number, 

65. 
^KtaOripac, 23, 220. 
Slabs, in pavement, 158. 
Smyrna, 154, 169 ; city of, 81, 

117. 
Socket-pieces, chelonia, 288. 
Socrates, 61, 62, 151. 
Soffit, of the corona, 89. 
Soloe, a town of Sicily, 187. 
Soracte, stone quarries of, 43. 
Sound work (catenatio), 54. 
Spain 33, ISO, 169, 172. , 
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Sparta, 47. 

Spectaciila, in theatres, the 

places for the audience, 104, 

112. 
Spheroidal surfSause, 105. 
Springs, 186 ; supply of water 

from, 106. 
Spur, 258. 
Square (ancones, nonnse), pro- 

thyrides, 202; stone, 43,45, 

00; rule and square, 161; 

method of doubling the area 

of the square, 203. 
Square, quadratum, 87. 
Stadia, covered, 123. 
Staircases, in a theatre, 112; 

method of setting out the 

steps, 204. 
Stalks (cauHcoli), in capitals, 

83, 166. 
Stalks, of plants, represented on 

walls, 166. 
Stand-pipes (columnaria), in 

aqueducts, 198. 
Stars, rising and setting of, 220. 
Statonia, prefecture of, 44r 
Statuaries, distinguished, 63. 
Steelyard (statera), 240, 258. 
Steps, 73, 105 ; lower, of stair- 
cases, 204. 
Stereobata, stylobata, 72. 
Stocks, brazen, 257. . 
SroixcTa, 15. 
Stone-quarries, 43; discovered 

at Ephesus, 238. 
Stopples, 226, 247. 
Store-rooms, apothecse, 141. 
Strategeum, 117. 
Straw, its use, 36, 261. 
Streets, 21. 
Strength, in building, whence 

arising, 13. 
String, 161. 

l&Tpl^, of the catapult, 252. 
Struts (capreoli), 84. See Plate, 

288. 
Stucco, 159, 160, 163, 168, 

173 
Stylobata, 72. See Plate, 290. 
Slyx, water of, 190. 
Sudatories, in baths, 121. 
Summer-rooms, 161, 165. 
Sun, temple of the, 10 ; coarse 



of the sun through the twelve 
signs, 214. 

Sunium, 97. 

Sunk, in the centre (alveolatus), 
73. 

Susa, 192. 

Swelling, in the middle of co- 
lumns (entasis), 71. 

Syene, 184. 

Symmetry, 9, 13, 63, 66, 129, 
134. 

Svfi^wviai, consonances, 109. 

^wtxovvT€Q, consonant places, 
116. 

Syracuse, 204. 

Syria, 56, 183, 187, 189. 

Systylos, 68, 70. 



T. 



Table, in the balista, 255. 

Tablinum, 186. 

Taenia, in the epistylium, 88. 

Tanais, 183. 

Tarchesius, architect, 86. 

Tarentum, 220 

Tarsus, a city of Cilicia, 187," 
192 

Tarquinians, 42. 

TaltCt fitness, 9. 

Teeth, of the saw, 20 ; of sheers, 
233; of the wall, 149; of the 
drum-wheel, 244; denticuli, 
224. 

Telamones, 146. 

TlXcioc, 64. 

Tempering of lime, 159. 

Temples, 7,80, et seq. 92,95; 
of Apollo, 27, 67; at Miletus, 
156 ; of Diana, 68 ; of Escu- 
lapius, 11 ; of Augustus, 103; 
of Castor, in the Circus Fla- 
minius, 97; of Ceres, 27, 68; 
of Proserpina at Eleusis, 
156 ; of Coelus, 10 ; of Diana, 
11, 81 ; of Diana Aricina, 97 ; 
of Ephesus, 67, 154, 166, 287, 
239 ; of Magnesia, 67 ; of 
Faunus, 66 ; of Floi-a, 11, 172; 
of Fortune, 66; of Fortuna 
Equestris, 68; of Hercules, 
11, 27, 47, 69; of . Honour 
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and VIrtae, 67, 166 ; of 
Jupiter, 10, 26, 66, 108; 
CapitoUnus, 69 ; Tonans, 10; 
Olympios at Athens, 67, 166, 
et seq. ; Stator, 67; in the 
island of the Tiber, 66; of 
Isis and Serapis, 27 ; of the 
god Jolios, 68 ; of Jilno, 11, 
26 ; at Argoe, 80 ; at Samos, 
Idi; of Bacchus, 11, 27, 87, 
117; Teos, 155; of the 
Moon, 10, 112; of Mars, 11, 
27 ; of Mercury, 27 ; of Mi- 
nerva, 12, 26; at Athens, 
07, 154; Priene, 7, 164; 
Sunium, 97; of Neptune 
Panionius, 81 ; of the Nymphs 
of the Fountains, 11 ; of Pro- 
serpine, 11 ; of Quirinus, 67 ; 
of Health, 11 ; of Serapis, 27; 
of the Sun, 10 ; Yejoyis, be- 
tween two GroYos, 97; of 
Venus, 11, 27 ; in the forum 
of Cesar, 68; of Vulcan, 27; 
sacred to different gods, 10, 11, 
36, et seq.; five species of, 
68, et seq. 98 ; on their design 
and symmetry, 63 ; their ef- 
ferent aqraets, 92; the pro- 
portions oi their doors, 92 ; 
plans of, 276, 278, 280, 282, 
284. 

Ten (decussb), 66. 

Ten inches (dextaas), 78. 

Tenons, 261. 

Teos, 69, 81, 166. 

Tepid water, in baths, 120. 

Terebra, 259. 

Terraoina, 189, et seq* 

Tessera, in pavement, 168. 

Testudinatum cavaBdium, 135. 

Tetrachord, in music, 108 ; in 
hydraulics, 247. 

Tetradoron, four palms, 87 ; re- 
presentation of, 276. 

Tetrastylos, 185, 138{ tetrasty- 
lum caviBdium, 185; eleva- 
tion of a diastyle tetrasl^los 
temple, 276. 

Thalamus, 145. 

Thales, the MilesiAn, 85, 151, 
177, 219. 

"liases, 289. 



Theannm, 190. 

Theatre, 104; vases used in, 
109; its shape, 112; of its 
portico and o^er parts, 118 ; 
of the three sorts of scenes, 
and of the theatres of the 
Greeks, 115 ; of the porticos 
and passages behind the 
scenes, 117. 

Thebais, Plains of, 184. 

Otftaruruog* See Circumstance. 

Theocyaes, 156. 

Theodorus, the Phocnan, 164. 

Theodosius, 223. 

Theodotus, 169. 

Theophrastus, 127, 198. 

Thessaly, 190. 

Tholus, dome, 167. See Plate, 
290. 

Thowls, in ships, 241. 

Thrace, 190. 

Three-brick wall, triplinthios 
paries, 60. 

Three Fortunes, 66. 

Thunderbolts, in sculpture, 89. 

OvpofpeTav, 146. 

Tiber, river, 183. 

— - island of the, 66. 

Tiburtine tiles, 158. 

Tiburtine-way, 186; stone quar- 
ries, 43, 185. 

Tie-beam, 84, 103. See Plate, 
288. 

Ties (catena), 160 

of charred olive wood, 10. 

Tigris, 188. 

Tiles, 51, 78, 164; Tiburtine, 
168. 
■ ' two feet square, 169. 

with returning edges, 

164. 

TiUer, ofa|, 241. 

Timeeus, 193. 

Timavus, 183. 

Timber, 52; fir, 58; in what 
buildings to be sparingly 
used, 125; framed work, 84; 
settling of timber, 157 ; what 
kinds of wood bend or sag, 
55, et seq., 148. 

partitions, 163. 

Timotheus, statuaiy, 48, 166. 

Tongnad-tubes, 188. 
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Tortoise, to fllHog ditbhe^ 

260 ; other kinds of tortoises, 

259, 261. 
Toms, in columns, 73. 
Tower, 18, 22. 
Town-houses, 142. 
Tralles, 47, 117, 165, 167. 
Transtrum, 84. See Plate, 288. 
Transverse pieces, 258. 
Traverse, 33. 
Treads, of steps, 78. 
Treasury, where to be situated, 

104. 
Triangle, right angled, of Pytha- 
goras, 203, 245. 
Tribunal, in temples, 06, 108; 

in theatres, 114. 
Tricenaria, pipes, 107. 
Triclinium, 138, 139, 140, 146. 
Triens, 65. 
Triglyph, 11, 86, 87. 
Trimmers (interpensiva)) in 

Tuscan oavflsdia, 135* 
Trin6, 8. 
.Trispastos, block of three pal* 

leys, 234. 
Trite, in music, 108. 
Trochilus, VKoria, 78. 
Trojan plains, 189 ; Trojan 

battles, 166. 
Trojans, 189. 
Trowel, 162. 
Troy, 17, 151, 189. 
Trumpet, in the machine of 

Ctesibius, 246. 
Trunk, of a column, 73 ; in sty- 

lobata, 81. 
Trusses (prothyrides), 94. 
Tiypho, of Alexandria, architect 

of the ApoUonians, 266. 
Tuana, 188. 
Tunnels, for water conduits, 

197. 
Turnings, 106; in theatres, 

112, 114; in harbours, 123. 
Tuscan proportions of temples, 

95, et seq. See Plates, 288, 

290. Tuscan cavsedium, 135. 
Tuscany, 42, et. seq., 58i 
Tympanum, 77,225, 242, 248. 
Tyre, 258. 
Tyrrhene sea, 58. 



U. 

'ToXoc, 176. 

Ulysses, wanderings of, 166. 

Umbria, 48. 

Unbumt bricks, walls of, 60. 

Uniformity, in architecture, 10. 

Union, 158. 

Universe and planets, 207. 

*Y7ripp6\au)v, 109. 

Upper layer, in pavements, 158. 

Upright joints (orthostatce), 46. 

Uprights (arrectarii), 163, 258, 

262. 
Uticenses, 37. 
Utility, in building, whence 

arising, 38. 



V, 

Vaccikitjm, puiple colour pre- 
pared from, 176. 

ViJves (cymbala), 247. 

' (axes), 246. 

Varro, Ter., 47, 156, 207. 

Vases, used in the theatre, 109. 

Vault, 102, 103. 

Vaulted roofs, of towers, 33. 

Vaulted temple, 26, 154. 

Vaulting (concameratio), 39, 
121, 147. 

Vaults (cryptflB), 141. 

Vegovis, temple of, 97. 

Velinus, 190. 

Venice, 43. 

Venter, xotXia, in aqueducts, 
198. 

Venus, temples of, 11, 27, 48 ; 
planet, 209. 

Vermilion, 170; preparation, 
171. 

Vessel, Corinthian, 194; brazen 
vessels in theatres, 109. 

Vesta, altar of, 98. 

Vestibule, 141, 146, 156. 

Vestorius taught the prepara- 
tion of a blue colour at Pu- 
teoH, 174. 

Vesuvius, Mount, 40. 

Vicenariffi, pipes, 197. 

Villa, 142. 



ner 



Virtue and Honour, temples of, 

67, 156. 
Yolscinian Lake, 44. 
Volutes, 75, 8a, 83. 
Vulcan, temple of, 37. 



W. 

Waggon, 333. 

Walls, 18. 

(incumbsB), 148. 

(moBnia), 31, 193. 

(parietes), 18, 45, 73, 157, 

161 ; brick, 45 ; middle (medii), 
104; of burnt brick, 60.— Dif- 
ferent sorts of brick and stone 
waUing, represented, 272. 

Water, on the method of finding, 
179.— On rain-water, 183.— 
On hot springs, and on the 
nature of various fountains, 
rivers and lakes, 184 — On 
qualities of waters in certain 
places, 346.— On the means 
of judging of water, 194. — 
On levelling, and on instru- 
ments for &at purpose, 195. 
^Onthe conducting of water, 
196. — ^Water reverenced by 
Egyptian priests, 178. 

Water-dials, for winter, 335. 
■ engines, 347. 

— — mills, 343. 
■ ■ screw; 344. 

Wattled walls, 51. 

Wedges, with concentric joints, 
148.— Use of wedges, 357. 

Weevil, 143. 

Wells, on the digging of, 199. 

White-lead, 174. 

Wind-chest, 348. 

Windlass, 6. 

Windows, 85, 139. 

Winds, 33 ; diagram of, 272. 

Wine-ceUar, 143. 



Wines, ffltioua kinds of; 180. 

Wings. See Aisles. 

Winter-rooms, 165. 

Withy (vitex), 54. 

Wonders, of the world, 156. 

Wooden pins, 161. 

Work (buildings), kinds of, 46; 
in plaster, 130 ; stnoco, 160, 
163, 168 ; foundations, 72 ; or- 
namental, 165, 168; carpen- 
ters*, 84 ; plasterers', 130 ; 
joiners', 53, 84, 90, 104, 135, 
145 ; marble, 161 ; plaster, 130, 
160, 168 ; reticulatum, 45 ; de- 
corative, 115. 

Worshippers, in temples, fJAce 
the east, 93. 

Wrestlers, 301, 306. 



X. 

Xanthts, 180, et seq. 
Xenophanes, Golophonius, 151, 

319. 
Xuthus, 81. 
Xystus, Ivcrrdci 133, 146. 



Y. 



YELLOw,method of making burnt, 

174. 
Yoke, 343. 



Z. 



ZACYirrHTJS, 187. 

Zama, town of^ 193. 

Zeno, 151. 

Zodiac, 315. 

Zoilus, the Macedonian, called 

Homeromastix, 153, et seq. 
Zophorus, or frieze, 76, 80. 




THE END. 
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SCIENTIFIC AHD TECHNICAL 

WORKS. 



** It is not too much to say that no books have ever proved more 
popular with or more useful to young engineers and others than the 
excellent treatises comprised in Weale's Series.*'— Engineer. 



Jl fitia ClassiM fist. 
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CIVIL ENOINEERINO AND SURVEYING 2 

MINING AND METALLURGY .... 8 

MECHANICAL ENGINEERING .... 4 
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2 W£ALK'S SCIENTIFIC AND TECHNICAL SERIES. 



CIVIL ENGINEERING & SURVEYING. 
Givil Bn^nearing. 

By Henry Law, M.Inst.CE. Includins a Treatise on Hydraulic 

' Enginbbkinc by G. R. Burnbll, M.LCE. Seventh Eklition, revised, 

with Larcb Additions by D. K. Clark, M.I.CE. . . • 6/6 

Pioneer Bntfineering: 

A Treatise on the Engineering Operations connected with the Settlement of 
Waste Lands in New Countries. By Edward Dobson, M.Inst.CE. 
With numerous Plates. Second Edition 4/6 

Iron Bridges of Moderate Span: 

Their Conftruction and Erection. By Hamilton W. Pbndrbd. With 40 
Illustrations • • 2/0 

Iron and Steel Bridges and Yiaduots. 

A Practical Treatise upon their Construction for the use of Engineers, 
Draufht&men, and Students. By Francis Campin, C.E With numerous 
Illustrations 3/6 

Ck>nstruotional Iron and Steel Work, 

As applied to Public, Private, and Domestic Buildings. By Francis 
CAMriN, C.E 3/6 

Tubular and other Iron Girder Bridges. 

Describing the Britannia and'Conway Tubular Bridges. By G. Drysdalk 
Dbmpsby, CK Fourth Edition 2/0 

Materials and Gonstruotion : 

A Theoretical and Practical Treatise on the Strains, Designing, and Erec- 
tion of Works of Construction. By Francis Campin, C.E. . . 3/0 

"Sanitary Work in the Smaller Towns and in Villages. 

By Charlbs Slagg, Assoc. M.Inst.CE. Third Edition . . 3/0 

<}onstruotion of Roads and Streets. 

By H. Law, CE., and D. K. Clark, C.E. Sixth Edition, revised, with 
Additional Chapters by A. J. Walus-Taylbr, A.M. Inst. C.E. . 6/0 

•Oas Works (The Gonstruotion of), 

And the Manufacture and Distribution of Coal Gas. By S. Hughes, C.E. 
Re-written by Wiluam Richards, CE. Eighth Edition • . 6/6 

Water Works 

For the Supply of Cities and Towns. With a Description of the Principal 
Geological Formations of England as influencing Supplies of Water. By 
Samubl Hughbs, F.G.S., C.E. Enlarged Edition . . . • 4/0 

The Power of Water, 

As applied to drive Flour Mills, and to give motion to Turbines and other 
Hydrostatic Engines. By Josbph Glynn, F.R.S. New Edition • 2/0 

WeUs and Well-Sinkintf. 

By John Gko. Swindell, A.R.I. B.A., and G. R. Burnbll. C.E. Reviited 
Edition. With a New Appendix on the Qualities of Water. Illustrated 2/0 

The Drainage of Lands, Towns, and Buildings. 

By G. D. Dbmpsby, CE. Revised, with large Additions on Recent 
Practice, by D. K. Clark, M.I.CE. Third Edition . . . 4/6 

The Blasting and Quarrying of Stone, 

For Building and other Purposes. With Remarks on the Blowing up of 
Bridges. By Gen. Sir J. BuRGOYNB, K.C.B f/Q 

Foundations and Gonorete Works. 

With Practical Remarks on Footings, Plankins, Sand, Concrete, B^ton, 
Pile-driving, Caissons, and Cofferdams. By E. Dobson, M.R.I. B. A. 
Ninth EdiuoB | /Q 



weaiiE's scientific and technical sebies. 8 

PnemnatioB, 

Including Acoustics and the Phenomena of Wind Currents, for the Use of 
Beginners. By Charlbs Tomlinson, F.R.S. Fourth Edition • t/6 

r««nd and SSn^ineerintf Sumreying. 

For Students and Practical Use. By T. Baker, CE. Nineteenth Edition, 
Revised and Extended by F. £. Dixon, A.M. Inst. CE.. Professional Asso- 
ciate of the Institution' of Surveyors. With numerous Illustrations and two 
Lithographic Plates 270 

MfmBUPation and Measuring. 

For Students and Practical Use. With the Mensuration and Levelling of 
Land for the purposes of Modem Engineering. By T. Baker, C.E. New 
Edition by E. Nugent, C.£ 1/6 

MINING AND METALLURGY. 
Mining Galoulations, 

For the use of Students Preparing for the Examinations for Colliery 
Managers' Certificates, comprising numerous Rules and Examples in 
Arithmetic, Algebra, and Mensuration. By T. A. O* Donahue, M.E., 
First-Class Certificated Colliery Manager 3/6 

Mineralogy, 

Rudiments of. By A. Ramsay, F.G.S. Fourth Edition, revised and 
enlarged. Woodcuts and Plates 3/6 

Coal and Goal Mining, 

A Rudimentary Treatise on. By the late Sir Warington W. Smyth, 
F.R.S. Eighth Edition, revised by T. Forster Brown . . . 3/6 

Metallurgy of Iron. 

Contaming Methods of Assay, Analvses of Iron Ores, Processes of Manu- 
facture of Iron and Steel, &c. By H. Bauerman. F.G.S. With numerous 
Illustrations. Sixth Edition, revised and enlairgea .... 6/0 

The Mineral Surveyor and Valuer's Gomplete Guide. 

By W. LiNTEBN. Fourth Edition, with an Appendix on Magnetic and 
Angular Surveying 3/6 

Slate and Slate Quarrying: 

Scientific, PracticaH^ and Commercial. By D. C. Da vies, F.G.S. With 
numerous Illustrations and Folding Plates. Fourth Edition . . 3/0 

A. First Book of Mining and Quanpying, 

With the Sciences connected therewith, for Primary Schools and Self-In- 
struction. By J. H. Collins, F.G.S. Second Edition . . .1/6 

Subterraneous Surveying, 

With and without the Magnetic Needle. By T. Fen*vick and T. Baker, 
CE. Illustrated 2/6 

Mining Tools. 

Manual of. By William Morgans, Lecturer on Practical Mining at the 
Bristol School of Mines 2/6 

Mining Tools, Atlas 

Of Engravings to Illustrate the above, containing 335 Illustrations of Mining 
Tools, drawn to Scale. 4to 4/6 

Physical Gtoology, 

Partly based on Major-General Portlock's " Rudiments of Geology." 
By RalphTate, A.L.S., &C. Woodcuts 2/0 

Ristorioal Geology, 

Partly based on Major-General Portlock's " Rudiments." By Ralph 
Tate, A.L.S., &c. Woodcuts ....«««• 2/6 

0eology» Physical and Historical. 

- . Consisting of " Physical Geology," which sets rtfcth the Leading Plrinciples 

of the Science; and "Historical Geology," which treats of the Mineral 

and Organic Conditions of the E^rth at each successive epoch. By Ralph 

, TATf:,^.G.S. * . . . . ...... 4/8 



aplating, and Calculating Boiler Work, &c. By T. Coust>- 
NBY, Practical Boilermaker. Edited by D. K. ClarKj C.£. . 2/0 



4 wealk's scientific and technical series. 

' MECHANICAL ENGINEERIMG. 
Th« Workman's Manual of SSntfineerin|[ Dp&vrin^. 

By John MaxtoN| Instructor in Engineering Drawug, Royal Naval 
College, Greenwich. Eighth Edition. 300 Plates and Diagrams . 3/5 

Fuels: Solid, Liquid, and Gaseous. 

Their Analysis and Valuation. For the Use of Chemists and Engineers. 
By H. J. Phillips, F.CS., formerly Analytical and Consulting Chemist 
to the Great Eastern Railway. Thira Edition 2/0 

Fuel* Its Combustion and SSoonoMy. 

Consisting of an Abridgment of " A Treatise on the Combustion of Coal and 
the Ptevention of Smoke." By C. W. Williams, A.I.CE. With Exten- 
sive Additions by D. K. Clark, M.Inst.C.E. Fourth Edition . 3/6 

The Boilermaker's Assistant 

In Drawing, Tem 

NBY, Practical L>«..<.......^w.. ^^...wv. ^j ^. «.. 

The Boiler-Maker*s Ready Reokoner, 

With Examples of Practical Geometry and Templating for the Use of 
Platers, Smiths, and Riveters. By John Courtney. Edited by D. K. 

Clark, M.I.C.E. Fifth Edition 4/0 

%• TAe last two Works in On* Volume, half-bound. enHtled " Thb Boiler- 

maker's Ready-Reckoner and Assistant. By J. Courtney and 

D. K. Clark. J>nc* 7/0. 

Bteam Boilers: 

Their Construction and Management By R. Armstrong, CEL Illustrated 

1/6 

Bteam and Machinery Management. 

A Guide to the Arrangement and Economical Management of Machinery. 
By M. Powis Bale, M.Inst. M.E 2/g 

Bteam and the Steam Bngine, 

Stationary and Portable. Being an Extension of the Treatise on the Steam 
Engine of Mr. J. Sewell. By D. K. Clark, CE. Fourth Edition 3/6 

The Steam Bntfine, 

A Treatise on the Mathematical Theory of, with Rules and Examples for 
Practical Men. By T. Baker, CE f/6 

The Steam Engine. 

By Dr. Lardner. Illustrated ) /S 

Uocomotive Bngines. 

ByG. D. Dbmpsey, CE. With large Additions treating of the Modem 
Locomotive^yD. K. Clark, M.Inst. C.E. . . •. . • 3/0 

Uooomotive Rngine-DriTing. 

A Practical Manual for Engineers in charge of Locomotive Engines. By 
Michael Reynolds. Eleventh Edition. 3^. 6d, ; cloth boards . ^Q 

Stationary SSngine-DriTing. 

A Practical Manual for Engineers in charge of Stationary Engines. By 
Michael Reynolds. Seventh Edition. 3^. 6d, ; cloth boards , 4>/9 

The Smithy and Forge. 

Including the Farrier's Art and Coach Smithing. By W. J. E. Ckakr. 
Founh Edition 2/6 

Modem Workshop Praotice, 

As applied to Marine, Land, and Locomotive Engines, Floating Docks, 
Dredgine Machines, Bridges, Ship-building, &c By J. G. Wimton. 
Fourth Edition, Illustrated 3/6 

Mechanical Rngineering. 



Comprising Metallurgy, Moulding, Casting, Forging, Tools, Workshop 
Machineryi Mechanioil Manipulation, Manufacture of the Steam Enjrine, 
&c By Francis Campin, C£. Third Edition .... 2/6 



Details of Machinery. 

Comprising Instructions for the Execution of various Works in Iron in the 
Fitting*Shop, Foundry, and Boiler* Yard. By Francis Campin, C.E. 3/0 



WEALE'S SCIENTIFIC AND TECHNICAL SERIES, 5 
BlementaFy Engineering: 

A Manual for Young Marine Engineers and Apprentices. In the Form of 
Questions and Answers on Metals, Alloys, Strength of Materials, ftc. 
By T. S. Brewer. Fifth Edition 1/6 

Po'wer in Motion: 

Horse-power Motion, Toothed-Wheel Gearing, Long and Short Driving 
Bands, Angular Forces, &c. By James Armour, CB. Third Edition 2/0 

Iron and Heat, 

Exhibiting the Principles concerned in the Construction of Iron Beams, 
Pillars, and Girders. By J. Armour, CE. 2/6 

Practioal Meohaniem, 

And Machine Tools. By T. Baker, C.E. With Remarks on Tools and 
Machinery, by J. Nasmyth, CE. 2/6 

MeohanioB : 

Being a concise Exposition of the General Principles of Mechanical Scieno^ 
and tneir Applications. By Charles Tomlinson, F.R.S. . • 1/6 

Cranes (The Gonstruotion of), 

And other Machinery for Raising Heavy Bodies for the Erection of Build- 
ings, &c By Joseph Glynn, F.R.S 1/6 



NAVIGATION, SHIPBUILDING, ETC. 
The Sailor's Sea Book: 

A Rudimentary Treatise on Navigation. By Jambs Greenwood, B.A. 
With numerous Woodcuts and ^lom«d Plates. New and enlarged 
Edition. By W. H. Rosser 2/6 

Practioal Navigation. 

Consisting of The Sailor's Sea-Book, by Tames Greenwood and W. H. 
Rosser ; together with Mathematical and Nautical Tables for the Working 
of the Problems, bv Henry Law, CE., and Prof. J. R. Young . 7/0 

Navigation and Nautioal Astronomy, 

In Theory and Practice. By Prof. J. R. Young. New Edition. 2/6 

Hathematioal Tables, 

For Trigonometrical, Astronomical, and Nautical Calculations ; to which is 
prefixed a Treatise on Logarithms. By H. Law, CE. Together with a 
Series of Tables for Navigation and Nautical Astronomy. By Professor J. 
R. Young. New Edition • 4/0 

Masting, Mast-Making, and Rigging of Ships. 

Also Tables of Spars, Rigging, Blocks ; Chain, Wire, and Hemp Ropes, 
ftc., relative to every class of vessels. By Robert Kipping, N.A. • 2/0 

Sails and Sail-Making. 

With Draughting, and the Centre of Effort of the Sails. By Robert 
Kipping, N.A. 2/6 

Marine SSngines and Steam Vessels. 

By R. Murray, CE. Eighth Edition, thoroughly revised, with Addi- 
tions by the Author and by George Carlisle, CjS. . . 476 

Naval Arohiteotore: 

An Exposition of Elementary Principles. By Jambs Peaks . . 3/6 

Ships for Ooean and River Serrioe, 

Principles of the Construction of. By Hakon A. Sommbrpeldt • 1 /6 

Atlas of SSngravings 

To Illustrate the above. Twelve large folding Plates. Royal 4to, doth 7/6 

The Forms of Ships and Boats. 

By W. Bland. Tenth Edition, with nnmeroas Illustrations and 
ModeU t/6 
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ARCHITECTURE AND THE 

BUILDING ARTS. 
Gonstraotional Iron and Steel Work, 

As applied to Public, Private, and Domestic Buildings. By Francis 
Campin, CE 3/6 

Building XSstatee: 

a Treatise on the Development, Sale, Pdrchase, and Management of Build- 
ing Land. By F. Maitland. Third Edition 2/0 

The Soience of Building : 

An Elementary Treatise on the Principles of Construction. By C Wvkd- 
mam Tasn, M.A. Lond. Fourth Edition 3/5 

The Art of BuUdintf : 

General Principles of Construction, Strength, and Use of Materials, Working 
Drawings, Specifications, &c By Edward Dobson, M.R.I.B.A. . 2/0 

A Book on Building, 

Civil and Ecclesiastical. By Sir Edmund Bbckbtt, Q.C. (Lord Grim- 
thorpb). Second Edition 4/5 

Dvelling-Houses (The Breotion of). 

Illustrated by a Perfective View, Plans, and Sections of a Paur of Villas, with 
Specification, Quantities, and Estimates. By S. H. Brooks, Architect 2/6 

Gottatfe BuUding. 

By C. Brucr Allbn. Twelfth Edition, with Chapter on Economic Cot- 
tages for Allotments, by E. E. Allbn, C.E 2/0 

AcouetioB in Relation to Arohiteoture and Building : 

Tlie Laws of Sound as applied to the Arrangement of Buildings. By Pro- 
fessor T. RoGSR Smith, F.R.I.B.A. New Edition, Revised . .1/6 

The Rudiments of Praotical Brioklaying. 

General Principles of Bricklaying ; Arch Drawing, Cutting, and Setting ; 
Pointing ; Pavmg, Tiling, &c By Adam Hammond. With 68 Woodcuts 

1/6 

nie Art of Praotioal Brick Gutting and Setting. 

By Adam Hammond. With 90 Engravings I/5 

Briclnrork : 

A Practical Treatise, embodying the General and Higher Principles of 
Bricklaying, Cutting and Setting ; with the Application of Geometry to Roof 
Tiling, &C. ByF.WAUCBR 1/6 

Brioke and Tiles, 

Rudimentary Treatise on the Manufacture of; containing an Outline of the 
Prbciples of Brickmaking. By E. Dobson, M.R.I.B.A Additions by 
C ToMLiNSON, F.R.S. Illustrated 3/0 

The Praotioal Brick and Tile Book. 

Compristne: Brick and Tilb Making, by E. Dobson, M.Inst.CE.; 
Practical Bricklaying, by A Hammond ; Brick-cutting and Sbtting, 
by A. Hammond. 550 pp. with 270 Illustrations, half-bound • • 6/0 

Carpentry and Joinery — 

Thb Elbmbntary Principlbs of Carpentry. Chiefly composed from the 
Standard Work of Thomas Trbdgold, C.E. With Additions, and Trbatisb 
on Joinery, by E. W. Tarn, M.A. Eighth Edition . . • 3/5 

Carpentry and Joinery— Atlas 

Of 35 Plates to accompany and Illustrate the foregoing book. With 
Descriptive Letterpress. 410 Q/Q 
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A Praotioal Treatise on Handrailing; 

Showing New and Simple Methods. By Gbo. Collincs. Third Edition, 
including a Trbatisb on Stairbuilding. With Plates . . . 2/6 

Circular Work in Garpentry and Joinery. 

A Practical Treatise on Circular Work of Single and Double Curvatnre. 
By Gborgb Collincs. Third Edition 2/6 

Roof Garpentry: 

Practical Lessons in the Franung of Wood Roofs. For the Use of Working 
Carpenters. By Gbo. Collincs 2/0 

The Gonetmotion of Roofs of Wood and Iron; 

Deduced chiefly from the Works of Robison, Tredgold, and Humber. Br 
£. Wyndham Tarn, M.A., Architect. Fourth Edition . • •1/6 

The Joints Made and Used by Builders. 

By Wyvill J. Christy, Architect. With x6o Woodcuts • . 3/0 

Shoring 

And its Applxcadon : A Handbook for the Use of Students. By Gborgs 
H. Blacrovb. With 31 lUustratbns t /6 

The Timber Importer's, Timber Merohant's, and 
Builder's Standard Guide. 

By R. K Grandy 2/0 

Plumbing: 

A Text-Book to the Practice of the Art or Craft of the Plumber. With 
Chapters upon House Drainage and Ventilation. By Wm. Paton Bucham. 
Ninth Edition, with 5x2 Illustrations 3/6 

Ventilation : 

A Text Book to the Practice of the Art of Ventilating Buildings. By W. P. 
BucHAN, R.P., Author of " Plumbing/' &c. With 170 Illustrations 3/6 

The Praotioal Plasterer: 

A Compendium of Plain and Ornamental Plaster Work. By W. Kbmp 2/0 

House Painting, Graining, Marblintf, & Sign Writing. 

With a Course of Elementary Drawing, and a Collection of Useful Receipts. 
By Ellis A. Davidson. Eighth Edition. Coloured Plates . . o/O 

*«* TAt abovtt in cloth boards^ strongly hotrnd^ 6/0 

A Grammar of Golouring, 

Applied to Decorative Painting and the Arts. By Gborgb Fixld. New 
Edition, enlarged, by ElliS A. Davidson. With Coloured Plates • 3/0 

Blementary Decoration 

As applied to Dwelling Houses, &c. By Jambs W. Facby. Illustrated 2/0 

Practical House Decoration. 

A Guide to the Art of Ornamental Painting, the Arrangement of Colonrs in 
Apartments, and the Principles of Decorative Design. By Jambs W. Facbt 

2/6 
•«• Th* last two Works in On* handsonu VoL^ half-hound, tntitltd ** Housb 
Decoration, Elbmentaky and Practical," >fM^r 6/0* 

Portland Gement for Users. 

By Hbnrv Faija, A.M.Inst.C.E. Third Edition, Corrected . • 2/0 

Limes, Gements, Mortars, Goncretes, Mastics, Plas- 
tering, ftc« 

By G. R. BuRNBLL CE. Fifteenth Edition 1/6 
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MaaoBvy and Btone-Gutting. 

The Prioctples of Maaontc Projection and their applicmtion to Coostnxctioa. 
By Edwakd Dobson, M.R.LB.A. • 2/6 

Jlroh— , Pittrs, Buttresses, &o.: 

Experimental Eiaays on the Principles of Coostraction. By W. Blamix 

1/6 

Quantities and Measurements, 

In Bricklayers', Masons\ Plasterers'^ Plumbers*, Painters', Paperhangers*, 
Gilders', Smiths', Carpenters' and Jomers' Work. By A. C. Bbaton. t /6 

The Complete Measurer: 

Setting forth the Measurement of Boards, Glass, Timber and Stone. By R. 
HoRTON. Sixth Edition 4>/0 

Guide to Superficial Measurement : 

Tables calculated from z to aoo inches in length, by S to io8 inches ia 
breadth. For the use of Architectt, Surveyors, Engineers, Timber Mer- 
chants, Builders, &c By Jamss Hawkings. Fifth Edition . . 3/6 

lAghti 

An Introduction to the Science of Optics. For the Use of Students of Archi- 
tecture, Engineering, and other Applied Sciences. By E W. Takn, 
M.A. 1/6 

Hints to Toung Arohitects. 

By Gborgb Wightwick, Architect. Sixth Edition, revised and enlarged 
by G. HusKissoN GuiiXAUMB, Architect 3/6 

Arohiteoture — Orders : 

The Orders and their Esthetic Prindples. By W. H. Lbbds. Illustrated. 

Arohiteoture — ^Styles : 

The History and Description of the Styles of Architecture of Various 
Countries, from the Earliest Period. By T. Talbot Bury . . 2/0 
%* Orders and Styles op Architecture, in One VaLt 3/6* 

Arohiteoture— Desi^ : 

The Principles of Design in Architecture, as deducible from Nature and 
exemplified in the Works of the Greek and Gothic Architects. By £dw. 

Lacy Garbett, Architect. Illustrated 2/6 

*«* The three ^needing Works in One handsome VeL, halfieund^ entitled 
"Modern Architecture," /ritr 6/0« 

Perspeotive for Beginners. 

Adapted to Young Students and Amateurs in Architecture, Painting, ftc 
By George Pvnb 2/0 

Arohiteotural Modelling in Paper. 

By T. A. Richardson. With Illustrations, engraved by O. Jbwitt \ /6 

Glass Staining, and the Art of Painting cm Glass. 

From the German of Dr. Gbssbrt and Emanuel Otto Frombbrg. With 
an Appendix on The Art op Enamelling 2/6 

YitruTius— The Arohiteoture of. 

In Ten Books. Translated from the Latin by Joseph Gwilt, F.S.A., 
' F.R.A.S. With 23 Plates 6/0 

N.B.—This is tht only Edition e/^ViTRUVius procurable at a moderate price. 

Grecian Arohiteoture, 

An Inquiiy into the Principles of Beauty in. With an Historical View of the 
Rise and Progress of the Art in Greece. By the Earl op Aberdeen. I/O 

V The two preceding Works in One handsome Vol,, half-bonnd^ entitled 
" Ancient Architbcturb," price 6/0« 
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INDUSTRIAL AND USEFUL ARTS. 
Cements, Pastes, Qlues, and Qums. 

A Guide to the Manufacture and Application of Agglutinants. With 900 
Recipes and FormuUe. By H. C. Standagb 2/0 

Clocks, Watohes, and Bells for Public Purposes. 

A Rudimentary Treatise. By Edmund Beckett, Lord Grimthorpb, 
LL.D., K.C., F.R.A.S. Eighth Edition, with new List of Great Bells and 
an Appendix on Weathercocks. [Just publishtd. 4/6 

*»* The above ^ fuuidsomely bound, cloth boards, S/6> 

Bleotro-Metallurgy, 

Practically Treated. By Alexander Watt. Tenth Edition . 3/6 

The Goldsmith's Handbook. 

Containing full Instructions in the Art of Alloying, Melting, Reducing, 
Colouring, Collecting and Refining, Recovery of Waste, Solders, Enamcds, 
&c., &c. By George E. Gee. Sixth Edition 3/0 

The Silirersmith's Handbook, 

On the same plan as the Goldsmith's Handbook. By G. E. Ger. 3/0 
*«* The last two iVorks, in One hanasome Vol., half-bound, 7/0> 

The Hall-Marking of Jewellery. 

Comprising an account of all the different Assay Towns of the United 
Kinedom ; with the Stamps and Laws relating to the Standards and Hall 
Marks at the various Assay Offices. By George £. Gbb . . 3/0 

French Polishing and Bnamelling. 

Numerous Recipes for making Polishes, Varnishes, &c. By R. Bitmead. 

1/6 

Practical Organ Building. 

By W. E. Dickson, M.A. Second Edition, Revised, with Additions 2/6 

Goacfa-Building : 

A Practical Treatise. By James W. Burgess. With 57 Illustrations 2/6 

The Gabinet-Maker's Guide 

To the Entire Construction of Cabinet- Work. By R. Bitmead . 2/6 

The Brass Founder's Manual: % 

Instructions for Modelling, Pattern Making, &c. By. W. Graham . 2/0 

The Sheet-Metal Worker's Guide. 

For Tinsmiths, Coppersmiths, Zincworkers, &c. By W. J. E. Crane. 1 /6 

Searing Machinery: 

Its Construction, History, &C. By J. W. Urquhart, C.E. . .2/0 

Gas Fitting: 

A PracticalHandbook. By John BlacKi New Edition . . 2/6 

Gonstruotion of Door Locks. 

From the Papers of A. C. Hobbs. Edited by C. Tomlinson, F.R.S. 2/6 

The Model tiocomotive Bngineer, Fireman, and 
Bngine-Boy. 

By Michael Reynolds .« 3/6 

The Art of Uetter Painting made SSasy. 

By J. G. Badenoch. With X3 full-page Engravings of Examples . \ /6 

The Art of Boot and Shoemaking. 

Measurement, Last-fitting, Cutting-out, Closing, &c. By J. B. Lbno. 2/0 

Mechanical Dentistry: 

By Charles Hunter. Fourth Edition 3/0 

Wood SSngravlng: 

A Practical and Easy Introduction to the Art. By W. N. Brown . 1 /6 

Laundry Management. 

A Handbook for Use in Private and Public Laundries . « . 2/0 
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AGRICULTURE, GARDENING, E:TC. 
Draintntf and Bmbanking : 

A Practical Treatise. By Prof. John Scott. With 68 Illustrations 1 /6 

Irrigation and Vater Supply : 

A Practical Treatise on Water MeadowS| Sewage Irrigation, Warping, &c. : 
on the Construction of Wells, Ponds, Reservoirs, &c. By Prof. John 
Scott. With 34 Illustrations ) /3 

Farm Roads, Fenoos, and Gates: 

A Practical Treatise on the Roads, Tramways, and Waterwairs of the 
Farm ; the Principles of Enclosures ; and the difft.rent kinds of Fences, 
Gates, and Stiles. By Prof. John Scott. With 75 Illustrations . t /6 

Farm Buildings: 

A Practical Treatise on the Buildings necessary for various kinds of Farms, 
their Arrangement and Construction, with Plans and Estimates. By Prof. 
John Scott, With 105 Illustrations 2/0 

Bam Implements and Machines : 

Treatmg of the Application of Power and Machines used in the Threshing- 
bam. Stockyard, Dairy, &c. By Prof J. Scott. With 193 Illustrations. 

2/0 
Field Implements and Machines: 

With Principles and Details of Construction and Points of Excellence, their 
Management, &c. By Prof. John Scott. With 138 Illustrations . 2/0 

A^oultural Surveying : 

A Treatise on Land Surveying, Levelling, and Setting-ont ; with Directions 
for Valuing Estates. By Prof. J. Scott. With 6a Illustrations . ) /e 

Farm Bngineering. 

By Professor John Scott. Comprising the above Seven Volumes in One, 
X, 150 pages, and over 600 Illustrations. Half-bound ... ) 2/0 

Outlines of Farm Management. 

Treating of the General Work of the Farm ; Stock ; Contract Work * 
Labour, &c. By R. Scott Burn . . ... . 2/6* 

Outlines of I^anded Bstates Management. 

Treating of the Varieties of Lands, Methods of Farming, Setting-ont of 
Farms, Roads, Fences, Gates, Drainage, &c. By R. Scott Burn . 2/6 

Boils, Manures, and Grops. 

(Vol. I. Outlines op Modern Farming.) By R. Scott Burn . 2/0 

Farming and Farming SSoonomy. 

(Vol. II. Outlines of Modern Farming.) By R. Scott Burn 3/0 

Btook: Cattle, Sheep, and Horses. 

(Vol. III. Outlines of Modern Farming.) By R. Scott Burn 2/6 

Dairy, Pigs, and Poultry. 

(Vol. IV. OlTTLINES OF MODERN FARMING.) By R. ScOTT BURN 2/0 

Utilization of Sewage, Irrigation, and Reclamation 
of Waste Land. 

(VoL V. Outlines of Modern Farming.) By R. Scott Burn « 2/6 

Outlines of Modem Farming. 

By R. Scott Burn. Consisting of the ahcre Five Volumes in One, 
"^PP*! profusely Illustrated, hsuf-bound . • . . • 12/0 
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Book-keeping for Farmers and Estate Ovners. 

A Practical Treatise, presenting, in Three Plans, a system adapted for all 
classes of Farms. By J. M. Woodman. Fourth Edition . . 2/6 

Ready Reckoner for the Admeasurement of Land. 

By A. Arman. Revised and extended by C. NottRis. Fifth Edition 2/0 

Miller's, Com Merchant's, and Farmer's Ready 
Reckoner. 

Second Edition, revised, with a Price List of Modem Flour Mill Machinery, 
by W. S. HuTiON, C.E 2/0 

The Hay and Stravr Measurer. 

New Tables for the Use of Auctioneers, Valuers, Fanners, Hay and Straw 
Dealers, &c. By John Stbslb 2/0 

Meat Production. 

A Manual for Producers, Dbtributors, and Consumers of Butchers* Meat. 
By John Ewart 2/6 

Sheep: 

The History, Structure, Economy, and Diseases of. By W. C. Spoonbm, 
M.R.V.S. Fifth Edition, with fine Engravings .... 3/6 

Market and B^itchen Gardening. 

By C W. Shaw, late Editor of " Gardening Illustrated" • . 3/6 

Kitchen Gardening Made Easy. 

Showing the best means of Cultivating every known Vegetable and Herb» 
&C.,. with directions for management all the year round. By Gborgb M. F. 
Glbnny. Illustrated )/Q 

Cottage Gardening : 

Or Flowers, Fruits, and Vegetables for Small Gardens. By E. Hobday, 

1/6 
Garden Receipts. 

Edited by Charlbs W. QUXN . • • 1/S 

Fruit Trees, 

The Scientific and Profitable Culture of. From the French of M. Do 
Breuil. Fifth Edition, carefully Revised by Gborgb Gubnny. With 
187 Woodcuts 3/0 

The Tree Planter and Plant Propagator: 

With numerous Illustrations of Grafting, Layering, Budding, Implements, 
Houses, Pits, &c. By Samubl Wood 2/0 

The Tree Pruner: 

A Practical Manual on the Pruning of Fruit Trees, Shrubs, Climbers, and 
Flowering Plants. With numerous Illustrations. By Samubl Wood 1 /Q 

*•* TAe abavt Two Vols, in Otu, kandsomtfy half -bounds prict 3/6. 

The JLrt of Grafting and Budding. 

By Charles Baltbt. With Illostrations • • « • • 2/6 
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MATHEMATICS, ARITHMETIC, ETC. 
DesoFiptive Geometry, 

An Elementary Treatise on ; with a Theory of Shadows and of Perspective, 
extracted from the French of G. Mongb. To which is added a Descriptioa 
of the Principles and Practice of Isometrical Projection. By J. F. HsATiont, 
M.A With 14 Plates 2/0 

Praotioal Plane Geometry: 

Giving the Simplest Modes of Constructing Figures contained in one Plame 
and Geometrical Construction of the Ground. By J. F. Hbather, M.A. 
With 3x5 Woodcuu 2/0 

Analytical Geometry and Gonic Seotions, 

A Rudimentary Treatise on. Bv Jambs Hann. A New Edition, re- 
written and enlarged by Professor J. K. Young .... 2/0 

Buclld (The ISlemente of). 

With many Additional Propositions and Explanatory Notes ; to which is 
prefixed an Introductory Essay on Logic. By Hbnry Law, C.E. . 2/6 



» 



Said also se^ratefyf viz :— 



Euolid. The First Three Books. By Hbnry Law, CE. .« . .1/6 
Buolid. Books 4, 5, 6, XT, 13. By Hbnry Law, CE. . . . 1/6 

Plane Trigonometry, 

The Elements of. By Jambj: Hann 1 /Q 

Spherical Trigonometry, 

llie Elements of. By Jambs Hank. Revised by Charles H. Dow- 
ling, Cii). ■•..••••.*. I /^/ 
%• Or with " The Elements 0/ Plane Trigonometry" in One Volume^ 2/6 

Differential Caloulus, f^j 

. Elements of the. By W. S. B. Woolhouse, F.R.A.S., &c . .1/6 

Integral Calculus. 

By HOMBRSHAM Cox, B.A. 1/6 

Algebra, 

The Elements of. By Jambs Haddon, M.A. With Appendix, containing 
Miscellaneous Investigations, and a Collection of Problems . • 2/(5 

A. Key and Companion to the Above. 

An extensive Repository of Solved Examples and Problems iu Algebra. 
By J. R. Young 1/6 

Conunercial Book-keeping. 

With Commercial Phrases and Forms in English, French, Italian, and 
German. By Jambs Haddon, M.A .1/6 

Arithmetic, 

A Rudimentary Treatise on. With full Ex];>Ianations of its Theoretical 
Principles, and numerous Examples for Practice. For the Use of Schools 
and for Self-Instruction. By J. K. Young, late Professor of Mathematics 
in Belfast College. Thirteenth Edition 1/6 

A Key to the Above. 

By J. R.Young 1/6 

ESquational Arithmetic, 

Applied to Questions of Interest, Annuities, Life Assurance, and General 
Commerce ; with various Tables by which all Calculations may be greatly 
facilitated. By W. Hipslbv < 1 /o 

Arithmetic, 

Rudimentanr, f«r the Use of Schools and Self-Instruction. By Jambs 
Haddon, M.A. Revised by Abbaham Arman •1/6 

A Key to the Above. 

By A. Abman ••••»... 4 « •1/6 
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Mathematioal InBtramentB : 

Their Construction, Adjustment, Testing, and Use' condsely Explained. 

By J. F. Hbathek, M.A., of the Royal Military Academy, Woolwich. 

Fifteenth Edition, Revised, with Additions, by A. T. Walmisley, 

M.I.C.E. Orij^nal Edition, in x vol.. Illustrated .... 2/0 
*«* In ordering the abaoe^ bt careful to say " Ortgintd Edition,** or give tho 
number in the Series (3a), to distinguisA it from the Enlarged Edition in 
3 vols, {as follows) — 

Dravrin^ and Measuring InBtminentB. 

Including — I. Instruments employed in Geometrical and Mechanical Draw- 
ing, and in the Construction, Copying, and Measurement of Maps and 
Plans. II. Instruments used for the purposes of Accurate Measurement, 
and for Arithmetical Computations. By J. F. Heather, M.A. , 1/6 

Optical InBtramentB. 

Including (more especially) Telescopes, Microscopes, and Apparatus for 

Producing copies of Maps and Plans by Photography. By J. F. Heather, 
I. A. Illustrated 1/6 

Surveying and ABtronomioal InstrumentB. 

^ncludm£[ — I. Instruments used for Determining the Geometrical Features 
of a pKMTtion of Ground. II. Instruments employed in Astronomical Ob* 
servations. By J. F. Heather, M.A. Illustrated. • . .1/6 

%* Tke above three volunusform an enlargement of the Author* s original work, 
" Mathematical Instrurrunts^' ^rice 2/0* {Described at top of page.) 

Mathematioal InBtramentB : 

Their Construction, Adjustment, Testing and Use. Comprising Drawing, 
Measuring, Optical, Surveying, and Astronomical Instruments. By J. F.. 
Heather, M.A. Enlarged Edition, for the most part entirely re-wntten. 
The Three Parts as above, in One thick Volume 4/6 

The Slide Rule, and How to Uee It. 

Containing full, easy, and simple Instructions to perform all Business CaK 
cttlations with unexampled rapidity and accuracy. By Charles Hoare, 
C.E. With a Slide Rule, in tuck of cover. Eighth Edition . . 2/6 

ItfOgarithmB. 

With Mathematical Tables for Trigonometrical, Astronomical, and Nautical 
Calculations. By Henry Law, C.E. Revised Edition . . 3/0 

Compound Interest and Annuities (Theory of). 

With Tables of Logarithms for the more Difficult Computations of Interest, 
Discount, Annuities, &c., in all their Applications and Uses for Mercantile 
and State Purposes. By Fbdor Thoman, Paris. Fourth Fdition . 4>/0 

Mathematical Tables, 

For Trigonometrical, Astronomical, and Nautical Calculations ; to which is j 
prefixed a T^«atise on Logarithms. By H. Law, C.E. Together with a 
Series of Tables for Navigation and Nautical Astronomy. By Professor J. 
R. Young. New Edition 4/0 

Mathematics, 

As applied to tfao Constmctiv* Arts. By Francis Campin, C.E., &c 
Third Edition' 3/0 

Astronomy. 

By the Tate Rev. Robert Main. F.R.S. Third Edition, reviied and c<m^ 
rected to the Present Time. By W« T. Lynk, F.R.A.S. . . . 2/C> 

Statics and I>ynamios, 

The Principles and Practice of. Embracing also a dear development of 
Hydrostatics. Hydrodynamics, and Central Forces. By T. Baker, CE. 
Fourth Edition ... 1/6 
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BOOKS OF REFERENCE AND 

MISCELLANEOUS VOLUMES, 

JL DiotionaFy of Painters, and Handbook for Pictiure 
Amateurs. 

Beinc a Guide for Victors to Public and Private Picture Galleriest, and for 
Art-Students, including Glossary of Terms, Sketch of Principal Schools of 
PaintinKi &c. By Phiuppb Daryl, B.A 2/6 

Paintintf Popularly Bzplalnod. 

By T. J. GuLLiCK, Painter, and John Timbs, F.S.A. Including Fr«sco, 
Oil, Mosaic, Water Colour, Water-Glass, Tempera Encaustic, Miniature, 
Painting on Ivory, Vellum, Pottery, Enamel, Glass, &c. Sixth Edition 6/0 

JL Dictionary of Terms used in Architecture, Build- 
ing, Engineering, Mining, Metallur^, ArcliflB- 
olo^, the Fine Arts, &c. 

ByJoHNWBALB. Sixth Edition. Edited by R. Hunt, F.R.S. . S/0 

Music : 

A Rudimentary and Practical Treatise. With numerous Examples. By 
Charles Child Sfbncbr 2/6 

Pianoforte, 

The Art of PIa3ring tha. With numerous Exercises and Lessons. By 
Charlbs Child Spbncbb t /o 

The House Manager. 

A Guide to Housekeepingi Cookery, Pickling and Preserving, Household 
Work, Dairy Management, Cellarage of Wines, Home-brewing and Wine- 
making, Gardening, &c By An Old Housbkbepkr . . 3/6 

Manual of Domestic Medicine. 

By R. Gooding, M.D. Intended as a Family Guide in all cases of 
Accident and Emergency. Third Edition, carefully revised . . 2/0 

Management of Health. 

A Manual of Home and Personal Hygiene. By Rev. James Baird t /O 

Natural Philosophy, 

For the Use of Beginners. By Charles Tomlinson, F.R.S. . . t /6 

The Blementary Principles of SSlectric Itightin^. 

By Alan A. Campbell Swinton, M.Inst. C.E., M.I.E.K. Fifth 
Edition . \Just Pubiidud I/5 

The SSlectric Tele^aph, 

Its History and Progress. By R. Sabinb, C.E., F.S.A, &c. . . 3/0 

Handbook of Field Fortification. 

By Major W. W. Knollys, F.R.G.S. With 163 Woodcuts . . 3/0 

Eio^c, 

Pure and Applied. By S. H. Emmens . . . . •1/6 

Kiocke on the Human Understanding, 

Selections from. With Notes by S. H. Emmens . . • 1 /6 

The Compendious Calculator 

{JnHtitive Calculations). Or Easy and Concise Methods of Performing the 
various Arithmetical Operations required in Commercial and Busmess 
Transactions ; together with Useful Tables, &c. By Daniel OGorman. 
Twenty-eighth Edition, carefully revised by C. Norris . •2/6 
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Measurea, Weights, and Moneys of all Nations. 

With an Analysis of the Christian, Hebrew, and Mahometan Calendars. 
By W. S. B. WooLHOUSB, F.R.A.S., F.S.S. Seventh Edition . 2/6 



Grammar of the SSn^lish Ton^e, 

Spoken and Written. With an Introduction to the Study of Comparative 
Philology. By Hydb Clarke, D.C.L. Fifth Edition. . . .1/6 

Dictionary of the Bn^lish Lantfaatfe. 

As Spoken and Written. Containing above ioo,o3o Words. By Hvdb 
Clakke, D.CL. 3/6 

Coniposition and Punctuation, 

Familiarly Explained for those who have neglected the Study of Grammar. 
By Justin Brbnan. Nineteenth Edition. t/6 

French Grammar. 

With Complete and Concise Rules on the Genders of French Nouns. By 
G. L. Strauss, Ph.D 1/6 

En^sh-French Dictionary. 

Comprising a large number of Terms used in Engineering, Mining, &c. 
By Alfred Elwbs 2/0 

French Dictionary. 

In two Parts — I. Frendi-English. II. English-French, complete in 
One Vol 3/0 

French and SSntflish Phrase Book. 

Containing Introductory Lessons, with Translations, Vocabularies of Words, 
Collection of Phrases, and £asy Familiar Dialogues . ; • •1/6 

German Grammar. 

Adapted for English Students, from Heyse's Theoretical and Practical 
Grammar, by Dr. G. L. Strauss 1/6 

German Triglot Dictionary. 

By N. E. S. A. Hamilton. Part I. German-French-English. Part II. 
English-German-French. Part III. French*Gennan-English . . 3/0 

German Triglot Dictionary. 

(As above). Together with German Grammar, in One Volume . 6/0 

Italian Grammar. 

Arranged in Twenty Lessons, with Elxercises. By Alfred Elwbs. 1 /6 

Italian Triglot Dictionary, 

Wherein the Genders of all the Italian and French Nouns are carefully 
noted down. By Alprbd Elwbs. VoL I. Italian- English-French. 2/6 

Italian Triglot Dictionary. 

By Alfrbd Elwbs. Vol. II. English-French- Italian . . . 2/6 

Italian Triglot Dictionary. 

By Alfrko Elwbs. Vol. III. French-Italian-English . . . 2/6 

Italian Triglot Dictionary. 

(As above). InOneVoL 7/6 

Spanish Grammar. 

^ In a Simple and Practical Form. With Exercises. By Alfrbd Elwbs 1 /6 

Spanish-Bnglish and Bnglish-Spanish Dictionary. 

Including a large number of Technical Terms used in Mining, Engineering, 
&c., with the proper Accents and the (}ender of every Noun. By Alfrbd 
Elwbs . 4>/0 

*•* C^ruri/A //I/ Grammar, 6/0* 
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In a Simple and Practical Fonn. With Exercises. By Alfskd Elwks. t/R 

PortutfuaM-Bntflish and BntfliBh-PoFtu^ese Dic- 
tionary. 

Indnding a large nmnber of Technical Terms nsed in Mining. Eneineerinp 
&c, with the proper Accents and the Gender of every Noan. Bv AtirBKn 
Elwbs. Third Edition, revised . . . . . "• «y ^^'^"fR 

%• Or with tM4 Grammak, J/Q. ' 

Animal Physios, 

Handbo^ of. By Dioirwius Lardner. D.C.L. With 5,0 Illustrations 

In One VoL (739 pagesX cloth boards 7/6 

V SoUmis0 in Two ParU, atfoWnusi^ ' • f /o 

Animal Physics. By Dr. Laronbr. Part I., Chapters I.^VII. 4./0 

Akimal Physics. By Dr. Lardnbr. P^ut II., Chapters VIII. XVIII 

3/6 
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THE MECHANICAL ENQINEER'5 POCKET-BOOK. 

Comprising Tables, Formuls, Rales, and Data : A Handy Book of Reference 
for Daily TJse in EngineeringPractice. By D. Kinnbar Clark, M. Inst. C.E., 
Fifth Edition, thoroughly Revised and Enlarged. By H. H. P. Powles, 
A.M.I.C.E., M.I.M.E. Small 8vo, 700 pp., bound in flexible Leather Cover, 
rounded comers. \Jusi Published, Net 6/0 

SUMMARY OF CONTBNTS :— MATHEMATICAL TABLES.— MEASUREMENT OF SURFACES 
AND SOLIDS.— ENGLISH WEIGHTS AND MEASURES.— FRBKCH METRIC WEIGHTS AND 

MEASURES.— Foreign Weights and Measures.— Moneys.— Specific Gravity, 
weight, and volume.— manufactured metals.— steel pipes.— bolts and nuts.— 
sundry articles in wrought and cast iron, copper, brass. lead, tin, zlnc— 
strength of materials. — strength op timber.— strength op cast iron.— 
strength of wrought iron.— strength of steel.— tensile strength op copper. 
Lead. &c.— Resistance of Stones and other Building Materials.— Riveted Joints 
IN Boiler Plates.— Boiler Shells.— Wire Ropes and Hemp Ropes.— Chains and 
Chain cables.— Framing.— Hardness of metals, alloys, and Stones.— Labour of 
animals.— mechanical Principles.— gravity and Fall op Bodies.— Accelerating 
AND Retarding Forces.— Mill Gearing, shafting, &c.— transmission of motive 
power.— Heat.— Combustion : Fuels.— Warhjng, Ventilation, Cooking Stoves.— 
Steam.— STEAM Engines and Boilers.— Railways.— Tramways.— Steam Ships.— 
pumping steam Engines and pumps.— coal gas. Gas engines. &c.— Air in motion. 
—COMPRESSED air.— Hot Air engines.- Water Power.— speed of Cutting tools. 
—Colours electrical engineering. 

" Mr. Qark manifests what is an innate perception of what is likely to be useful in a pocket- 
book, and be is reaUy unrivalled in the art of condensation. It is very difltoilt to hit upon any 
mechanical engineering subject concerning which this work supplies no information, and the 
excellent index at the e^ adds to its utility. In one word, it is an exceedingly handy and efflcient 
tool, possessed of which the engineer wiu be saved many a wearisome cdculatton, or yet mote 
wearisome hunt through various text-books and treatises, and, as such, we can heartily recommend 
It to our readers."— 7m Engituer. 

" It would be found difficult to compress more matter within a similar compass, or produce a 
book of 700 pa^es which should be more compact or convenient for pocket reference. . 
be appreciated by mechanirail engineers of all classes."- /VwcMcn/ Bnsinttr. 
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MR. HUTTON'8 PRACTICAL HANDBOOKS. 



THB WORKS' MANAQER'5 HANDBOOK. 

Compnrisins Modern Rules, Tables, and Data. For Engineers, Millwri^its, 
and Boiler Makers ; Tool Makers, Machinists, and Metal Workers ; Iron and 
Brass Founders, &c. By W. S. Hutton, Civil and Mechanical Engineer, 
Author of "The Practical Engineer's Handbook." Sixth Edition, aMhOj 
Revised, and Enlarged. In One handsome Volume, medium 8vo, stnw^ 
bound 15/0 

B^* Thi Author having compiUd RuUs and Data for Ms own tiss in a gnat 
9ari$ty of modem *ngins$nna; moth, and having found hts not4t axtramtly uuful, 
dtcidsd to pi^li$h th$m — nvutd to daU—Mi9vtng that a practical work, suiUa to 

th$ DAILY RBQUIRBMBNTS OF MODERN BNGINBBRS, WO%Ud 04 faVOUTObly TOcHmd, 

"Of this edldon we may repeat the appreciative remarks we made upon the fiist and tfaird. 
Since the appearance of the latter veiy consiaerable modifications have been made, althongh the 
total number of pagres remains almost the same. It is a very useful collection of ruJea, taUes, md 
workshop and drawing office data."— rAtf Engin*er, May lo, 189c 

" The author treaU every subject from the point of view of one who has collected woifcafaop 
notes for application in workshop practice, rather than from the theoretical or literary aspect. The 
volume contains a groat deal of that kind of information which is gained only by practical experiaacc, 
and is seldom written in books. "•>-7'A< £H£%Hur, June 5, iSSc 

" The volume is an exceedingly useful one, brimful with engineer's notes, memotanda. and 
rules, and well worthy of being on every mechanical engineer's bookshelf.'*— JftdiMtM^te/ tFortd, 

" The information is precisely that likdy to be reauired in practice. . . . The work fbnns 
a desirable addition to the libnu^ not only of the woncs' manager, but of any one connected witk 
general engineering."— AfiM^^V' y^urnaL 

" Bnmful of useful information, stated in a concise form, Mr. Hutton's books have met a 
pressing want among engineers. The t>ook must prove extiemdy useful to every practical naa 
possesung a copy."^Pfxtctical Engimtr. 

THB PRACTICAL ENQINEER'5 HANDBOOK. 

Comprising a Treatise on Modern Engines and Boilers, Marine, Locomotive. 
and Stationary. And containing a larg^e collection of Rules and Practical 
Data relating to Recent Practice in Designing and Constructing all kinds o( 
Engines, Boilers, and other Engineering work. The whole constituting a com- 
prehensive Key to the Board of Trade and other Examinations for Certificates 
of Competency in Modem Mechanical Engineering. By Walter S. Huttoh, 
Civil and Mechanical Engineer, Author of "The Works' Manager's Handbodc 
for Engineers," &c. With upwards of 430 Illustrations. Sixth Edition, 
Revised and Enlarged. Medium 8vo, nearly 560 pp., strongly bound. 

[Juit Publishad. 1 Q/Q 

B^* This Work is designed as a companion to the Author's "Works' 
Manager's Handbook." It possesses many new and original features, and con- 
tains, like its predecessor, a quantity of matter not originally intended for publication 
but collected oy the Author for his own use in the construction of a great varisfy of 
Modern Engineering Work. 

The information is given in a condensed and concise form, and is illustratsd hy 
upwards of 430 Engraving ; and comprises a quantity of tabulated matter of great 
value to all engaged in destgning, constructing, or estimating for Engines, Boiuirs, 
ami OTHER Engineering Work. 

" We have kept it at hand /or several weeks, referring to it as occasion arose, and we have not 
on a single occasion consulted Its pages without finding the information ef which we were In quest." 

" A thoroughly good practical handbook, which no engineer can go through without Ufrh ig 
something that wtU be of service to him."— Marine Engineer. 

" An excellent book of reference for engineers, and a valuable text-book for students of 
engineering." — Scotsman. 

"Thiis valuable manual embodies the results and experience of the leading authorities oa 
mechanical engineering."— /7w('AAm/ News. 

" The author has collected together a surprising quantity of rules and practical data, and has 
shown much Judgment in the selections he has made. . . . There is no doubt that this book is 
one of the most useful of its kind published, and will be a very popular compendium."— ^SMM'tMcr. 

" A mass of information set down in simple language, and in such a form that It can be eiriiv 
referred to at anv time. The matter is uniformly good and well chosen, and is greatly eluddated 
by the iUustrations. The book wiU find its way on to most engineers' shelves, where It wlU rank as 
one of the most useful books ot ninvnc^"— .Practical Engituer. 

" Full of useful informatlun, and should be found on the office shelf of all practical enirineers." 
—English Mechanic^ ^^ ^^ 
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MR. MUTTON'S PRACTICAL HMiDBOOKS-conHmtid. 



STEAM BOILER CONSTRUCTION.^ 

A Practical Handbook for Engineers, Boiler-Makers, and Steam Users. 

Containing^ a large Collection of Rules and Data relating to Recent Practice 

in the Design, Construction, and Working of all Kinds of Stationary, Loco« 

motive, and Marine Steam-Boilers. By Walter S. Hutton, Civil and 

Mechanical Engineer, Author of "The Works' Manager's Handbook," "The 

Practical Engineer's Handbook," &c. With upwards of 500 Illustrations. 

Third Edition, thoroughly Revised, in part Re- written, and much Enlarged. 

Medium 8vo, over 600 pages, cloth, strongly bound .... 1 8/0 

B^* This Work is issusd in conHnuoHonof tht Seriss of Handbooks writUn 

^ ths Author, viz. : — "The Works' Manager's Handbook " and " The Practical 

Engineer's Handbook," which art so higfUy appreciatsd by engineers for tht 

practical naturt 0/ thiir information; and is consequently writUn in the same style 

as those works. 

The Author believes that the concentration, in a convenient form for easy 
reference, of such a large amount of thoroughly practical in/ormatum on Steam- 
Boiiers, wiu be of consiMrable service to those for whom it is intended, and he trusts 
the book may be deemed worthy of as favourable a reception as has been accorded to 
its predecessors. 

" One of the best. If not the best, books on boilers that has ever been published. The infor- 
mation is of the rifi^ht khid, in a simple and accessible form. So far as generation is concerned, this 
Is, undoubtedly, the standard book on steam practice."— -Electrical Review. 

" Every detail, both in boiler design and management, is clearly laid before the reader. The 
volume shows that boiler construction has been reduced to the condition of one of the most exact 
sciences ; and such a book is of the utmost value to the /In de siicU Engineer and Works Manager." 
•^Marine Engineer. 

" There has long been room for a modem handbook on steam boilers ; there is not that room 
now, because Mr. Hutton has filled it. It is a thorouglily practical book for those who are occupied 
la the construction, design, selection, or use of YxSiitts."— Engineer. 

" The book b of so important and comprehensive a character that it must find its way into the 
Hbiaries of every one interested in boiler using or boiler manufacture if they wish to be thoroughly 
Informed. We strongly recommend the book for the intrinsic value of its conteati."— Machinery 
Market, 

PRACTICAL MECHANICS' WORKSHOP COMPANION. 

Comprising a great variety of the most useful Rules and Formulae in Mechanical 
Science, with numerous 'Tables of Practical Data and Calculated Results for 
Facilitating Mechanical Operations. By William Templeton, Author cf 
" The Engineer's Practical Assistant," &c., &c Eighteenth Edition, Revised, 
Modernised, and considerably Enlarged by Walter S. Hutton, C.E., Author 
of "The Works' Manager's Handbook,*; "The Practical Engineer's Hand- 
book," &c Fcap. 8vo, nearly 500 pp., with 8 Plates and upwards of 350 lUus* 
trative Diagrams, strongly bound for workshop or pocket wear and tear . 6/0 

" In its modernised form Hutton's ' Templeton ' should have a wide sale, for it contains much 
valuable information which the mechanic will often find of use, and not a few tables and notes which 
he mwht look for in vain in other works. This modernised edition will be appreciated by all who 
haveleamed to value the original editions of ' Templeton.'"— ^M^/irA Mechanic. 

" It has met with great success in the engineering workshop, as we can testify ; and there are 
a great many men who, in a great measure, owe theu rise in lue to this little Wio\i."—Buiiding 
News. 

" This fomiliar text-book— well known to all mechanics and engineers— is of essential service 
to the every-day requirements of engineers, millwrights, and the various trades connected with 
engineering ana building. The new modernised edition is worth its weight in gold."— Buiidi*^ 
News. (Second Notice.) 

" This well-known and laigdy-used book contains information, brought up to date, of the 
lort so useful to the foreman and draughtsman. So much fresh information has been introduced as 
to constitute it practically a new book. It will be largely used in the office and workshop."— 
Mechanical fTorld. 

"The publishers wisely entrusted the task of revision of this popular, valuable, and useful 
book to Mr. Hutton, than whom a more competent man they could not have found."— /tm*. 



ENQINEER'5 AND MILLWRIGHT'S ASSISTANT. 

A Collection of Useful Tables, Rules, and Data. By William Templeton. 
Eighth Edition, with Additions. zSmo, cloth 2/6 

"Occupies a foremost place among books of this kind. A more suitable present to an 
apprentice to any of the mechanical trades could not possibly be mzde."— Building News. 

" A deservedly popular work. It should be in the ' drawer ' of every mechanic."— fn^/d^A 
Mechanic. 
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THB MECHANICAL ENQINEER'5 REFERENCE BOOK. 

For Machine and Boiler Construction. In Two Parts. Part I. Gbmsial 

Engineering Data. Part II. Boiler Construction. With 51 Plates and 
numerous Illustrations. By Nelson Foley, M.I.N. A. Second Editioo, 
Revised tbrouKbout and much Enlarg^ed. Folio, half-bound . ^et £8 Ssi 

PART I.— MBASURBS.— ClRCUMPBRBNCBS AND ARBAS, &C.. SQUAKBS. CUBES, 

Fourth powers.— square and Cube Roots.— Surface of Tubbs. — Rbciprocals- 
Locarithms. — Mensuration.— Specific Gravities and Wbighxs.— Work amd 
Power.- HEAT.— Combustion.— Expansion and Contraction. — Expansion op 
Gases.— Steam.— Static Forces.— Gravitation and Attraction. — motion akd 
Computation of Resulting forces.— Accumulated Work.— Cbntrb and Radius 
OF Gyration.— MOMENT of Inertia.— Centre of Oscillation. — ^ELBCTKicrrr.- 
Strencth of Materials.- Elasticity.— Test Sheets of Mbtals.— frictiok.- 
Transmission of Power.- flow of Liquids.— Flow of Gases.— Air pumps. Surface 
Condensers, &c.— Speed of Stbamships.—propellbrs.— Cutting Tools.— fiances 
—Copper Sheets and Tubes.— Screws, Nuts, bolt Hbads. &c — Various Rbcipbs 
AND Miscellaneous Matter.— With DIAGRAMS for Valvb-Gbar, bbltinc and 
Ropes, discharge and Suction Pipes, screw propellers, and Coppbr Pipbs. 

PART II.— Treating of Power of Boilers.— Useful Ratios.— Notes on 
Construction. — cylindrical Boiler Shells. — Circular Furnaces. — flat 
Plates.— Stays. — Girders.- Screws. — Hydraulic Tests. — Rivbting. — Boilex 
Setting, Chimneys, and Mountings.— Fuels. &c.— Examplbs of Boilers and speeds 
OF Steamships.— Nominal and Normal Horse power.- With DIAGRAMS for all 
Boiler calculations and drawings of many varieties of boiijbrs. 

" Mr. Foley is well fitted to compQe such a work. The diagrams are a great fratiira of the 
work. It may be stated that Mr. Foley has produced a volume which will undoubtedly fi«!fii the 
desire of the author and become indispensable to aU mechanical engineers."— JfoWw^ £fi£iM€tr. 

" We have carefully examined this work, and pronounce it a most ezceQent rBferanoe book 
for the use of marine engineers. "—yi^Mfwa/ ^Aituriean Sceiefy ^ Naval Engifuers, 

COAL AND SPEED TABLES. 

A Pocket Book for Engineers and Steam Users. By Nelson Folkv, Author 
of " The Mechanical Engineer's Reference Book." Pocket size, cloth . 3/9 

" These tables are designed to meet the requirements of every -day use ; they are of sufficient 
scope for most practical purposes, and may be commended to engineers and users of steam."— /no/. 

TEXT-BOOK ON THE 5TEAM ENGINE. 

With a Supplement on Gas Engines, and Part II. on Hbat Enginxs. By 
T. M. GooDBVB, M.A., Barrister-at-Law, Professor of Mechanics at the R^al 
College of Science, London ; Author of " The Principles of Mechanics," " llie 
Elements of Mechanism," &c Fourteenth Edition. Crown 8vo, cl<^ . Q/O 

" Professor Goodeve has given us a treatise on the steam engine which will bear compuisoo 
with anything written by Huxley or Maxwell, and we can award it no higher praise." — Etngrhuer. 

" Mr. Goodeve's text-book is a work of which every young engineer should possess himself." 
—Afining yournal. 

ON QAS ENGINES. 

With Appendix describing a Recent Engine with Tube Igniter. By T. M. 

Goodbye, M.A. Crown 8vo, cloth 2/6 

" Like all Mr. Goodeve's writings, the present is no exception in point of general ezcdlencr. 
It is a valuable little volume."— AferAancra/ World. 

THE GAS-ENGINE HANDBOOK. 

A Manual of Useful Information for the Designer and the Engineer. By £. W. 
Roberts, M.E. With Forty Full-page Engravings. Small Fcap. 8vo, leather. 

A TREATISE ON STEAM BOILERS. 

Their Strength, Construction, and Ek»nomical Working. By R. Wilson, CE. 

Fifth Edition, zamo, cloth 6/0 

" The best treatise that has ever been published on steam XxXixx^"— Engineer. 

THE MECHANICAL ENGINEER'S COMPANION 

of Areas, Circumferences, Decimal Equivalents, in inches and feet, millimetres, 

auares, cubes, roots, &c. ; Strength of Bolts, Weight of Iron. &c. ; Weights, 
easures, and other Data. Also Practical Rules for Engine Proportions. By 
R. Edwards, M.Inst.C.E. Fcap. 8vo, cloth. 3/6 

*'A very useful little volume. It contains many tables, classified data and memoianda 
generally useful to engineers. ">-£M^Af«rr. 

"What it profenes to be, 'a hanchr ofltee companion,' glvinir In a sncdnct fbnn. a Variety of 
information likely to be required by mechanical engineers In tbeit everyday office worlc"-«A'arMr«. 
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A HANDBOOK ON THE 5TBAM ENGINE. 

With especial Reference to Small and Medium-sixed Engines. For the Use of 
Engine Makers, Mechanical Draughtsmen, Engineerins; Students, and users 
of Steam Power. By Herman Haedbr, C.E. Translated from the German 
with additions and alterations, by H. H. P. Powlbs, A.M.I.C.E., M.I.M.E. 
Third Edition, Revised. With nearly x,zoo Illustrations. Crown 8vo, 
cloth I^et 7/6 

" A perfect encyclopaedia of the steam eneine and its details, and one which must take a per* 
Boaaent dbce in Ei^^sh arawins-offices and workshops."—^ Foreman PaUtm'maMer. 

" This is an excellent book, and should be in the hands of all who are interested in the con- 
struction and design of medium-sized stationary engines. . . . A careful study of its contents and 
the arrangement of the sections leads to the conclusion that there is probably no other book like It 
In this country. The volume aims at showing the results of practical experience, and it certainly 
may claim a complete achievement of this vAka."— Nature, 

"There can be no question as to its value. We cordially commend it to all concerned in the 
dusii^n and construction of the steam engine." — Mechanical World. 

BOILER AND FACTORY CHIMNEYS. 

Their Draught-Power and Stability. With a chapter on Lightning Conductors. 
By Robert Wilson, A.I.C.E., Author of " A Treatise on Steam Boilers," &c. 

Crown 8vo, cloth 3/6 

" A vakiable contribution to the literature of scientific building."— rA« Builder. 

BOILER MAKER'5 READY RECKONER & A5515TANT. 

With Examples of Practical Geometry and Templating, for the Use of Platers, 
Smiths, and Riveters. ^ By John Courtney, Edited by D. K. Clark, 
M.I.C.E. Fou'th Edition, 480 pp., with 140 Illustrations. Fcap. 8vo, half- 
bound ... 7/0 

** No workman or apprentice should be without this book."— /rw* Trade Circular. 

REFRIGERATION, COLD STORAGE, & ICE-MAKING: 

A Practical Treatise on the Art and Science of Refrigeration. By A. J. 
Wallis-Taylbr, A.M.Inst.C.E., Author of '* Refrigerating and Ice-Making 
Machinery." 600 pp., with 360 Illustrations. Medium 8vo, cloth. 

[Just Published. Net 1 6/0 

*'The author has to be congratulated on the completion and production of such an impor- 
taut work and it cannot fail to have a lar^e body of readers, for it leaves out nothing that would ia 
any way be of value to those interested m the subject." — Steamship. 

" No one whose duty it is to handle the mammoth preserving installations of these latter days 
can afford to be without this valuable book." — Glasg-cw Herald, 

THE POCKET BOOK OF REFRIGERATION AND ICE- 

MAKINQ FOR 1903. 

Edited by A. J. Wallis-Tayler, A.M.Inst.C.E. Author of " Refrigerating 
and Ice-making Machinery," &c. Small Crown 8vo, cloth. 

[Just Published. Net 216 

REFRIGERATING & ICE-MAKING MACHINERY. 

A Descriptive Treatise for the Use of Persons Employing Refrigerating 
and Ice-Making Installations, and others. By A. J. Wallis-Tayler, 
A.-M. Inst. C.E. Third Edition, Enlarged. Crown 8vo, cloth. 

Oust Publishtd. 7/6 
" Practical, explicit, and proAuely illustrated."— CAcx^vw Herald. 

" We recommend the book, which gives the cost of varions systems and illustrations showing 
details of parts of machinery and general arrangements of ccmiplete installations."— ^wi/tfw. 

" May be recommended as a useful description of the machinery, the processes, and of the 
fact I, fifimres, and tabulated physics of refrigerating. It to one of the bnest compilations on the 
subject. —^Mj^ff/rr. 

TEA MACHINERY AND TEA FACTORIES. 

A Descriptive Treatise on the Mechanical Appliances required in the Cultiva- 
tion of the Tea Plant and the Preparation of Tea for the Market. By A. J. 
WalliS'Tavlkr, A.-M. Inst. C.E. Medium 8vo, 468 pp. With 318 
Illustrations. [Just Published. Net 25/0 

" When tea planting was first introduced into the British possessions little, if any, machinery 
was employed, but now its use is afanost universaL This volume contains a very full account of the 
machinery necessary for the proper outfit of a factory, and also a description or the processes best 
• carried out by this machinery."— y^MfYta/ Society of Arts. 
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BNQINEBRINQ ESTIMATES, C05T5, AND ACCOUNTS 

A Guide to Commercial Engineering. With numeroixs examples of Wtitn**** 
and G>sts of Millwright Work, Miscellaneous Productions, Steam Engines and 
Steam Boilers; and a Section on the Preparation of C<»ts Accounts. B? 
A Gbnbral Manager. Second Edition. 8vo,doth 12/0 

" Tbii is an excellent and very useful book, covering subject-matter In constant l e quhlti oa h 
•▼•fy factory and workshop. . . . The book is invaluable, not only to the yoanflr engmeer, but 
■bo to the estimate department of every worlcs."— J9Mi/!rffr. 

"We accord the work unqualifico praise. The information b given in a plain, stndglitforwaid 
aoanner, and bears throughout evidence of the intimate practical acquaintance of the autiior with 
•vety phase of commercial engineering."— AfectaM^ce/ fVorld. 



AERIAL OR WIRE-ROPE TRAMWAYS. 

Their Construction and Management. By A. J. Wallis-Tatlbk, A. M. Inst.CE. 
With 8i Illustrations. Crown 8vo, cloth 7/6 

" Thb is in its way an excellent volume. Without going Into the minutiae of the subject, it 
yet lajrs before its readers a very good exposition of the various systems of rope transmission muse, 
and gives as well not a little valuable information about their working, repair, and managcmenL 
We can safely recommend it as a useful general treatise on the sublect." — The Efig-ineer. 

MOTOR CARS OR P0WER-CARR1AQE5 FOR COMMON 

ROAD5. 

By A. J. Wallis-Tayler, A. M. Inst. C.E., Author of "Modem Cycles," 

&c. 212 pp., with 76 Illustrations. Crown 8vo, cloth .... 4/6 

" The book is cleaiiy expressed throughout, and is Just the sort of work that an engineer, 
thinking of turning his attention to motor-carriage work, would do weU to read as a preliminaiy 
to startmg operations." — EngineeriHg, 

PLATING AND BOILER MAKING. 

A Practical Handbook for Workshop Operations. By Josbph G. Hokmsk, 

A.M.I.M.E. 380 pp. with 338 Illustrations. Crown 8vo, cloth . . 7/0 

" This work is characterised by that evidence of dose acquaintance with worlcahop methods 
which will render the book exceedingly acceptable to the practical hand. We have no hesitation 
in commending the work as a serviceable and practical nandbook on a subject which has not 
hitherto received much attention irom those qualified to deal with it In a satisfactory manner."— 
Mechanical World. 

PATTERN MAKING. 

A Practical Treatise, embracing the Main Types of Engineering Constmctioo, 
and including Gearing, Engine Work, Sheaves and Pulleys, Pipes and Columns, 
Screws, Machine Parts^ Pumps and Cocks, the Moulding of Patterns in Loam 
and Greensand, estimating the weight of Castings ftc. By Joskph G. Hormbr, 
A.M.I.M.E. Third Edition, Enlarged. With 486 Illustrations. Crown 8vo, 
cloth. [Just Publishtd, Net 7/6 

" A well-written technical guide, evidently written by a man who understands and has ptac- 
tised what he has written about. . . . We cordiaUy recommend it to engineering students, young 
foumeymen, and others desirous of being faiitiated hito the mysteries of pattem-makinf ."— J^MiUcr. 

"An excellent vade tnecum for the apprentice who desires to become master of his trade."* 
—Bng'lish Mechanic, 

MECHANICAL ENGINEERING TERMS 

(Lockwood's Dictionary op. Embracing those current in the Drawing Office, 
Pattern Shop, Foundry, Fitting, Turning, Smiths', and B<Mler Shops, &c Com- 
prising upwards of 6,000 Defimtions. Edited by J. G. Hornbr, A.M.I.M.EL 
Third Edition, Revised, with Additions. Crown 8vo, cloth . . Net 7/6 

"Just the sort of handy dictionary required by the various trades engaged la mechanical en- 
gineering. The practical engineering pupU will find the book of great valuem his studies, and every 
foreman engineer and mechanic shoua have a zov^."—Buildin£ News. 

TOOTHED GEARING. 

A Practical Handbook for Offices and Workshops. By J. Hornbr, A.M.I.M.E. 

With 184 Illustrations. Crown 8vo, cloth 6/0 

" We give the book our unqualified praise for Its thoroughness of treatment, and recommend 
it to all interested as the most practical book on the subject yet written."— iftrAa»<jra/ IVortd. 

F1RE5, F1RE-ENG1NE5, AND FIRE BRIGADES. 

With a History of Fire-Engines, their Construction, Use, and Manage- 
ment ; Foreign Fire Sjrstems ; Hints on Fire-Brigades, ftc. By C. fTt. 
YouMG, C.E. 8vo, cloth ^f 4,, 

" To such of our readers as are interested hi the subject of fites and fire appatatus we can 
most heartily commend this hodk." '-Engiiuering. — w^ **u 
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ATRIAL NAVIGATION. 

A Practical Handbook on the Construction of Dirigible Balloons, Aerostats, 
Aeroplanes, and Aeremotors. By Frederick Walker, C.E., Associate 
Member of the Aeronautic Institute. With 104 Illustrations. Large Crown 
8vo, cloth. [Just Put liihed. Net. 7 IS 

STONE-WORKINQ MACHINERY. 

A Manual dealing with the Rapid and Economical Conversion of Stone. With 
Hints on the Arrangement and Management of Stone Works. By M. Powis 
Bale, M.I. M.E. Second Edition, enlarged. Crown 8vo, cloth . . 0/0 

" The book should be in the hands of every mason or student of stonework."— C«//^Srry 
Gumrdian. 

" A capital handbook for aU who manipulate stone for baUding or ornamental purposes. "— 
Mmekitury MarJUt, 

PUMP5 AND PUMPING. 

A Handbook for Pump Users. Being Notes on Selection, Construction, and 
Management. By M. Powis Bale, M.I. M.E. Fourth Edition. Crown 

8vo, cloth 3/6 

" The matter is set forth as concisely as possible. In fact, condensation rather than difliise- 
iMss has been the author's aim throughout ; yet he does not seem to have omitted anything likely to 
be of vai6."~~youm*U <^f Gas Lighting, 

" Thoroughly practical and clearly v/r\tt(n."—G/asgow Herald. 

MILLING MACHINES AND PROCESSES. 

A Practical Treatise on Shaping Metals by Rotary Cutters. Including 
Information on Making and Grinding the Cutters. By Paul N. Hasluck, 
Author of ' ' Lathe- Work. " With upwards of 300 Engravings. Large crown 8vo, 

cloth 12/6 

" a new departure in engineering literature. . . . We can recommend this work to all in- 
teietted in milling machines ; it is what it professes to be— a practical tna!da»,"~-Bngin€T, 

" A capital and rdiable book which will no doubt be of considerable service both to those 
iriio ace already acquainted with the process as well as to those who contemplate its adoption.'*— 
Indttstriu, 

LATHE-WORK. 

A Practical Treatise on the Tools, Appliances, and Processes employed in 
the Art of Turning. By Paul N. Hasluck. Seventh Edition. Crown 8vc, 

cloth 5/0 

** Written by a man who knows not only how woik ought to be done, but who abo knows how 
to do It, and how to convey his kaowledge to others. To all turners this book would bevahiable."— 
Ri^[tnuring. 

" We can safdy recommend the work to young engineers. To the amateur It will simply be 
nvaluable. To the student it will convey a great deal of useful information."— i?M(ci<NMr. 

SCREW-THREADS, 

And Methods of Producing Them. With numerous Tables and complete 
Directions for using Screw-Cutting Lathes. By Paul N. Hasluck, Author 
of "Lathe- Work," &C. Fifth Edition. Waistcoat-pocket size . .1/6 

" Fun of useful information, hints and practical criticism. Taps, dies, and screwing tools 
generally are illustrated and their action described."— ^ecAoMica/ World. 

" It is a complete compendium of all the details of the screw-cutting lathe ; in frcf, a unUtHm' 
in^rvo on all the subjects it treats upon."— Caf^^MfiSTr and Builder. 

TABLES AND MEMORANDA FOR ENGINEERS, 

MECHANICS, ARCHITECTS, BUILDERS, &c. 

Selected and Arranged by Francis Smith. Sixth Edition, Revised, including 
Electrical Tables, Formula, and Memoranda. Waistcoat-pocket sixe, 

limp leather 1/6 

" It would, perhaps, be as difficult to make a small pocket-book selection ot notes and formulae 
to suit ALL engineers as it would be to make a universal medicine ; but Mr. Smith's waistcoat- 
pocket collection may be looked upon as a successful tXbeiaDit.''— Engineer. 

" The best example we have ever seen of 370 pages 01 useful matter packed into the dimcn- 
sfcNM of a card-case."- ^Mt'Aft'Mir News, " A venuble pocket treasury of knowledge."— /rv n, 

POCKET QL055ARY OF TECHNICAL TERM5. 

English-French, French-English ; with Tables suitable for the ArchitectuiaJ, 
Engineering, Manufacturing, and Nautical Professions. By John Jambs 
Fletcher. Third Edition, aoo pp. Waistcoat-pocket size, limp leather 1 /6 

" It is a very great advantage for readers and correspondents in France and England to ha%e 
so large a number of the words relating to engineering and manufJicturers coUectedln a liliputisn 
votaime. The little book wOl be useful both to students and tnniilUtn."— Architect, 

"The glossary of terms is very complete, and many of the Tables are new and well arranged. 
We cordiaDy commend the hoolk.''— Mechanical World. 
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THE BNOINBER'S YEAR BOOK FOR 1903. 

Comprising Fonnnls, Roles, Tables, Data and Memoranda in G vil, Mediamcal, 




Electrical Ensineer's Pocket*Book," &c With z,ooo IUnstTati<Mis, spedaQy 
Engraved for ue work. Crown 8vo, about i.oao i^, leather. 

[Just Publisiud, 8/0 
"Kempa's Year Bxk really requires no commendatioo. Its sphere <^ usefulness is widely 
knoim, and tt is used by engineers tbe world over."— T'Ac Hnfinttr. 

"The Tolume is distinctly In advance of moat similar pubttcatkxis in this couBtfy.'— 
Bngiiuerimg, 

** This valuable and weD-deslgned book of refeience meats the demands of all dciLji|itiunmt 
engineers."— S0/Mnrfai> Review, 

" Teems with up-to-date Information In every branch of engineering and constructiaB.*— 
BtMdingNems. 

** The needs of the engineering profiBsskm could hardly be supplied In a aaoie admirable, 
complete and convenient form. To say that it more than sustains all comparisons is praise of tba 
highest sort, and that may Justly be said oiVu"— Mining J^umtU, 

" There is certainly room fw the newcomer, which supplies explanatioas and directioas, k 
wen as formulae and tablM. It d ese r ve s to become one of the most successful <^ the tecfaokii 
uuttah."-^rchiUct. 

" Brings together with great skill aU the technical hiformatian which an engineer has to nsa 
day by day. It is in every way admirably equipped, and is sure to prove mifTtrnfiiT " ScMsimam . 

** The up-to-dateness of Mr. Kempe'S compilation is a quality that will not be lost on the busy 
people for whom the woric is intended."— {^/Sax^ow Herald, 

THB PORTABLE ENGINE. 

A Practical Manual on its Construction and Management. For the use 

of Owners and Users of Steam Engines generally. By Wiluam Dyson 

Wansbrough. Crown 8vo, cloth 3/6 

** This is a work of value to those who use steam machinery. . . . Should be read by every 
one who has a steam engine, on a farm or elsewhere."— ^ar^t Lane Exprus. 

" We cordially commend this work to buyers and owners of steam-engines, and to those wlio 
have to do with their construction or use."— TVmAer Trades yoHmoL 

" Such a general knowledge of the steam-engine as Mr. Wansbrough fUmlshes to the reader 
should be acquired by all intelligent owners and others who use the steam-engine."— ■gwi/dtoy Alnvf. 

" An excellent text-book of this useful form of engine. The * Hints to Puichaseis ' contain a 
good deal of common-sense and practical iiiadom."—£n£UsM Mtcltanit, 

IRON AND STEEL. 

A Work for the Forge, Foundry, FactOTy, and Office. Containing ready, 
useful, and trustworthy Information for Ironmasters and their Stock-takers; 
Managers of Ban Rail, Plate, and Sheet Rolling Mills; Iron and Metal 
Founders; Iron Ship and Bridge Builders; Mechanical, Mining, and 0»- 
suiting Engineers ; Architects, Contractors, Builders, &c By Chari.bs Hoark, 
Author of^' The Slide Rule," &c Ninth Edition. 3amo, leather . 6/0 

" For comprehensiveness the book has not its equal."— Irvn. 

" One of the best of the pocket books."— f»ff/f>A Mechanic 

CONDENSED MECHANICS. 

A Selection of Formulae, Rules, Tables, and Data for the Use of Engineering 
Students, &c. By W. G. C. Hughbs, A.M.I.C.E. Crown 8vo, cloth . 2/0 

" The book is well fitted for those who are preparing for examinatioa and wish to refresh 
their knowledge by going througfa their formulae again. —^ar»M< Engineer. 

THE SAFE USE OP STEAM. 

Containing Rules for Unprofessional Steam Users. By an Snginbkr. Seventh 

Edition. Sewed Qo. 

" If steam-users would but learn this little book by heart, boiler explosions would beooioe 
sensations by their rudtf."—Bnelish Mtehanit, 

THE CARE AND MANAGEMENT OF STATIONARY 

BNQINB5. ^ 

A Practical Handbook for Men-in-charge. By C* Hurst. Crown 8vo, cloth. 

IJust Published. Net 1/0 
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THB LOCOMOTIVE ENQINB. 

The Autobi(^Taphy of an Old Locomotive Engine. By Robbrt Wbathbr* 
BURN, M.I.M.E. With Illustrations and Portraits of GsoRGBand Robert 
Stephenson. Crown 8vo, cloth. Het 2/6 

SU MMARY OK CONTENTS : — PROLOGUE. — CYLINDERS. — MOTIONS. — CONNECTING 

RODS.— Frames.— WHEELS. —PUMPS, Clacks, Ac — Injectors. — Boilers.— Smoke 
&OX.— Chimney.— WEATHER Board and awning.— internal Dissensions.— Engine 
Drivers, &c. 

" It would be difficult to imagine anything more ingeniously planned, more cleverly worked 
out, and more charmingly written. Readers, whether young or old, of a mechanical turn, cannot 
fail to find the volume most enjoyable as well as most ins'ructive."— G/aj-^<rw Herald. 

THE LOCOMOTIVE ENGINE AND ITS DEVELOPMENT. 

A Popular Treatise on the Gradual Improvements made in Railway En^nes 
between 1803 and 1903. By Clement E. Stretton, C.E. Sixth Edition, 
Revised and Enlarged. With 130 Illustrations. Crown 8vo, cloth. 

[Just Publisfud. Net 4/6 

" Students of railway history and all who are interested in the evolution of the modem 
locomotive will find much to attract and entertain in this volume."— 7%^ Times, 

LOCOMOTIVE ENGINE DRIVING. 

A Practical Manual for En^neers in Charge of Locomotive Engines. By 
Michael Reynolds, formerly Locomotive Inspector, L. B. & S. C. R. 
Eleventh Edition. Including a Key to the Locomotive Engine. 
Crown 8vo, cloth 4/6 

" Mr. Reynolds has supi^ed a want, and has supplied t welL We can confidently recom- 
mend the book not only to the practical driver, but to eveiyoae who takes an interest in the 
performance of locomotive engines. "—7*A< Bngituer. 

" Mr. Reynolds has opened a new chapter in the literature of the day. This admirable 
practical treatise, of the practical utility of which we have to speak in terms of warm commendation." 
—AtkeHOUfn, 

THE MODEL LOCOMOTIVE ENGINEER, 

Fireman, and Engine-Boy. Comprising a Historical Notice of the Pioneer 

Locomotive Engines and their Inventors. By Michael Reynolds. Second 

Ekiition, with Revised Appendix. Crown 8vo, cloth. .... 4/6 

" We should be glad to see this book in the possession of everyone fan the Idngdom who has 
ever laid, or is to lay, hands on a locomotive engine."— /rw». 

CONTINUOUS RAILWAY BRAKES. 

A Practical Treatise on the several Systems in Use in the United Kingdom : 
their Construction and Performance. By Michael Reynolds. 8vo, cloth 

0/0 

" A popular explanation of the different brakes. It will be of great assistance in forming 
public opimon, and will be studied with benefit by those who take an biterest in the htak»,"—En£iish 
Mechanic. 

STATIONARY ENGINE DRIVING. 

A Practical Manual for Engineers in Charge of Stationary Engines. By 
Michael Reynolds. Sixth Edition. With Plates and Woodcuts. 

Crown 8vo, cloth 4/6 

" The author's advice on the various points created is clear and practical"- ^m^'mmHIm^ 
" Our author leaves no stone unturned. He is determined that his readers shall not only 
know something about the stationary engine, but all about it."—£tigineer. 

ENGINE-DRIVING LIFE. 

Stirring Adventures and Incidents in the Lives of Locomotive Engine- 
Drivers. By Michael Reynolds. Third Edition. Crown Svo, cloth . 1 /6 

" From first to last perfectiy foscinating. WUkie CoUins's most thrilling conceptions are 
thrown into the shade by true incidents, enanss in their variety, related hi every page.*— Ai^rM 
SrMsh Maii. 

THE ENGINEMAN'5 POCKET COMPANION, 

And Practical Educator for Enginemen, Boiler Attendants, and Mechanics. 
By Michael Reynolds. With 45 Illustrations and ntunerous Diagrams. 
Fourth Edition, Revised. Royal z8mo, strongly botmd for pocket wear. 3/6 

" A most meritorious work, giving in a succinct and practical form all the information an 
eiiifine-minder desirous of mastering the scientific principles of his dally calling would requiie."— 
TfuAIilUr, 
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CIVIL ENGINEERING, SURVEYING, ETC. 
LIGHT RAILWAYS FOR THE UNITED KINODOM, 

INDIA, AND THB COLONIB5. 

A Practical Handbook setting forth the Principles on which Lig^t Raflwayt 
should be Constructed, Worked, and Financed ; and detailins the Coat d 
Construction, Equipment, Revenue and Working Elxpenaes. By J. C Mackat, 
F.G.S., A.M. Inst. C.£. Illustrated with Plates and Diagnuns. 8vo, dodi 

15/0 

"Mr. Mackay's rolume is clearly and condsdy written, admirably airangMl, and 6ee^ 
lOuatratad. The boolc is exactly what has been Ions wanted. We recommend it to all ^nt fortriil 
in the subject. It is sure to have a wide sale."— ^dtMiwy News. 

TUNNELLING. 

A Practical Treatise. By Charles Prelini, C.E. With additions by 
Charles S. Hill, C.E. With 150 Diagrams and Illtistrations. Royal 8to, 
cloth Net 1 6/0 

PRACTICAL TUNNELLING. 

Explaining in detail Setting*out the Works, Shaft •sinking, and HeadinEKlriTing, 
Ranging the Lines^ and Levelling undei^ound, Sub-Excavating, Timbering 
and the Construction of the Brickwork of Tunnels. By F. W. Simms, 
M. Inst. C.E. Fourth Edition, Revised and Further Extended, including the 
most recent (1895) Examples of Sub-agueous and other Tunnels, bv D. Kinnbak 
Clark, M. Inst. C.E. With 34 Foldmg Plates. Imperial Svo, cloth iS2 2s. 



" The present (1896) edition has been broufllit right up to date, and is thus rendered a work to 
which civil en^neers generally should have ready access, and to which engineers who have con- 
struction work can hardly afford to be without, but wliich to tlM younger members of the pinftiiiiMm 
is invaluable, as from its pages they can learn the state to wuch the science of tunndttng has 
attained."— J^a^KMi^ News, 

THE WATER 5UPPLY OF TOWNS AND THE CON- 

STRUCTION OP WATER-WORKS. 

A Practical Treatise for the Use of Engineers and Students of Engineeriag. 
By W. K. Burton, A.M. Inst. C.E., Consulting Engineer to the Tok^ 
Water-works. Second Edition, Revised and Elxtended. With numerous 
Plates and Illustrations. Super-royal Svo, buckram. [Just PuiHsked. 20/0 

I. INTRODUCTORY. — II. DiFFBRBNT QUALITIBS OP WATER. — III. QUANTTrV OF 

Water to be Provided.— IV. On ascertaining whether a proposed Source of 
SUPPLY IS Sufficient.— V. On Estimating the Storage CAPAcmr required 

TO BE provided.— VI. CLASSIFICATION OF WATER-WORKS.- VII. IMPOUNDING KB^R- 

voiRS.— VIII. Earthwork Dams.— IX. Masonry Dams.— X. The Purification of 
Water.— XI. settling Reservoirs.— XII. Sand Filtration.— XIII. Purification 
OF Water by action of iron. Softening of Water by Action of Limb, Natural 
Filtration.— XIV. Service or Clean water Reservoirs— Water Towbrs— Stand 
Pipes.— XV. The Connection of Settling reservoirs, Filter Beds and Sbrvice 
Reservoirs.— XVI. pumping Machinery.— XVII. Flow of Water in Conduits- 
Pipes AND Open Channels.— XVIII. Distribution Si^tbms.— XIX. Spbcial pro- 
visions FOR THE Extinction of Fire.— XX. pipes for Water-works.— -XXI. pre- 
vention of Waste of water.— XXII. Various Appliances used in Conmbction 
with Water-works. 

Appendix I. By Prof. JOHN MILNE, F.R.S.— Considerations concerning the 
probable Effects of Earthquakes on water-works, and the Spbciai. pre- 
CAxrrioNs to be taken in Earthquake countries. 

APPENDIX II. By JOHN DE RIJKE, CE.— ON SAND DUNES AND DUMB SAND AS 
A SOURCE OF WATER SUPPLY. 

" The chapter upon filtration of water is very complete, and the details of constructloa weD 
illustrated. . . . The work should be specially valuaole to civil engineers engaged in woric ia 
Japan, but the interest is by no means confined to that locality."— ^M^'M^tfr. 

" We congratulate the author upon the practical commonsense shown in the prepatatloii of 
this work. . . . The plates and diagrams have evidently been prepared with great caie, and 
cannot fsil to be of groat assistance to the student."— ^MiMrr. 

RURAL WATER 5UPPLY. 

A Practical Handbook on the Supply of Water and Constnicti<m of Water- 
works for small Country Districts. By Allan Grbbnwbll, A.M.I.C.E., 
and W. T. Curry, A.M.I.C.E., F.G.S. With Illustrations. Second Edition, 
Revised. Crown Svo, cloth 5/Q 
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' We conscientiously recommend it as a Tery useful book for those concerned In obCahilng 
water for small districts, giving a great deal of practical information in a small compass. "—Aa«AUkr. 
- " The volume contains valuable information upon all matters connected wttfa water mpply. 
. . . It is full of details on points which are continually before water-worlcs engineers."— AAmhm. 
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THE WATER SUPPLY OF C1TIE5 AND T0WN5. 

By WiLUAM HuMBER, A. M. Inst. C.E., and M. Inst M.E., Author of " Cast 
and Wrought Iron Bridge Construction," &c., &c. Illustrated with 50 Double 
Plates, z Single Plate, Coloured Frontispiece, and upwards of 350 Woodcuts, 
and containing 400 pp. of Text. Imp. 4tO) elegantly and substantially 
half'bound in morocco ^et £6 6ti 

List of Contents. 

I. HiSTORiCAi. Sketch of some of the means that have been adopted for 
THB Supply of Water to Cities and Towns.— II. Water and the Foreign Matter 

USUALLY associated WITH IT.— III. RAINFALL AND EVAPORATION.— IV. SPRINGS AND 

THB Water-bearing Formations of various Districts.— V. Measurement and 

ESTIMATION OF THE FLOW OF WATER.— VI. ON THB SELECTION OF THE SOURCE OF 

Supply.— VII. wells.— Viil. Reservoirs.— IX. The purification of water.— 
X. pumps.— XI. pumping Machinery.— XII. Conduits.— Xlll. Distribution of water, 
—XIV. Meters, service pipes, and house FrrriNGs.— xv. the law and economy of 
Water-works.- XVI. Constant and intermittent Supply.— XVII. description of 
PLATES.— Appendices, giving tables of Rates of Supply, Velocities, Ac, &c., 
together with Specifications of several Works illustrated, among which 
WILL be found : Aberdeen, Bideford, Canterbury, Dundee, Halifax. Lambeth, 
Rotherham. Dublin, and others. 

" The most systematic and valuable work upon water supply hitherto produced in English, or 
in any other lanij^uage. Mr. number's work is characterised almost throughout by an 
exhaustiveness much more distinctive of French and German than of English technical treatises." 
'-Sneinter, 

HYDRAULIC POWER ENQINEERINQ. 

A Practical Manual on the Concentration and Transmission of Power by 
Hydraulic Machinery. By G. Crotdon Marks, A.M. Inst. C.E. With 
nearly 200 Illustrations. 8vo, doth. [Just Published, Net 0/0 

Summary of Contents 

Principles of Hydraulics^-The Flow of Water.— Hydraulic Pressures, 
Material.— Test Load packings for Sliding Surfaces.— Pipe Joints.— Con* 
trolling Valves.— Platform Lifts.— Workshop and Foundry Cranes.— Ware. 
HOUSE AND Dock cranes.— hydraulic accumulators.— presses for Baling and 
other purposes.— sheet metal Working and Forging Machinery.— hydraulic 
Rivetters.— Hand, power, and Steam Pumps.— Turbines.— Impulse Turbines, 
—reaction Turbines.— Design of turbines in Detail.— water wheels.— 
Hydraulic engines.— Recent Achievements.— Pressure of Water.— Action of 
Pumps, &c. 

" We have nothing^ but praise for this thoroughly valuable work. The author has succeeded 
in rendering his subject mteresting as well as instructive."— /Var/Mra/ Engineer. 

" Can be unhesitatingly recommended as a useful and up-to-date manual on hydraulic trans- 
mission and utilisation of powex."— Mechanical IVorld, 

HYDRAULIC TABLE5, C0-EFPIC1ENT5, & FORMULiC. 

For Finding the Discharge of Water from Orifices, Notches, Weirs, Pipes, and 
Rivers. With New FormuUe, Tables, and General Information onllain-fall, 
Catchment-Basins, Drainage, Sewerage, Water Supply for Towns and Mill 
Power. By John Neville, Civil Engineer, M.R.I.A.^ Third Edition, 
revised, with considerable additions. Numerous Illustrations. Crown 8vo, 

cloth 14/0 

" It is, of all Enfi^ish books on the subject, the one nearest to completeness."- w^rcAsMcA 

HYDRAULIC MANUAL. 

Consisting of Working Tables and Explanatory Text. Intended as a Guide in 

Hydraulic Calculations and Field Operations. By Lowis D'A. Jackson, 

Author of "Aid to Survey Practice," "Modern Metrology," &c. Fourth 

Edition, Enlarged. Large crown 8vo, cloth 1 6/0 

" The author has constructed a manual which may be accepted as a trustworthy guide 
to this branch of the engineer's pxoitsAoTu"—Bngin*erin£r. 

WATER ENQINEERINQ. 

A Practical Treatise on the Measurement, Storage, Conveyance, and Utilisa- 
tion of Water for the Supply of Towns, for Mill Power, and for other Purposes. 
By Charles Slagg, A. M. Inst. C.B. Second Edition. Crown 8vo, cloth . 7/6 

** As a small practical treatise on the water supply of towns, and or some applications of water- 
power, the woric is in many respects excellent."- £»v^fM«Wfl!/f. 

"The author has collated the results deduced from the experiments of the most eminent 
authorities, and has presented them in a compact and practical form, accompanied by very clear 
and detailed explanations. . . . The application of water as a motive power is treated very 
carefully and exhaustively."— ^«//flfer. 
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THE RECLAMATION OP LAND PROM TIDAL WATERS 

A Handbook for Engineen, Landed Proprietors, and others interested n 
Works of Reclamation. By Albz. Bbazblbv, M.Inst. C£. 8vo, dotfa. 

/fet 10/6 
'* The book shows in ■ concise way what has to be done in reclainiing land faun the sea. asi 
the best way of doing it. The work contains a great deal of practical and usefial informatioD wtuch 
cannot fail to be of service to engineers entrusted with the enclosure of salt marshes, and to land- 
owners intending to reclaiin land from thesea."— rA< Engmeer. 

" The author has carried out his task efficiently and well, and his book contains a laige 
amount of information of great service to engineers and others Interested in works of reclamatincL 
—Nature. 

MA50NRY DAM5 PROM INCEPTION TO COMPLETION. 

Including numerous Formulae, Forms of Specification and Tender, Pocket 

Diagram of Forces, &c For the use of Civil and Mining engineers. By 

C. F. Courtney, M. Inst. C.E. 8vo, cloth . . . . . g/Q 

" The volume contains a good deal of valuable data. Many useful suggestions will be found 

in the remarks on site and position, location of dam, foundations and construction." — Buiiduig 

News, 

RIVER BAR5. 

The Causes of their Forn&ation, and their Treatment by " Induced Tidal 
Scour " ; with a Description c^ the Successful Reduction hj this Method <A 
the Bar at Dublin. By I. J. Mann, Assist. £ng. to the Dublin Port and Docks 

Board. Royal 8vo, cloth 7/6 

" We recommend all interested In harbour works— and, indeed, those coocemed in tlie 
improvements of rivers generally— to read Mr. Mann's interesting 'work."Sn£;ittter: 

TRAMWAYS: THEIR CONSTRUCTION AND WORKING. 

Embracing a Comprehensive History of the System; with an exhaustive 
Analysis of the Various Modes of Traction, including Horse Power, Steam, 
Cable Traction, Electric Traction, &c. : a^ Description^ of the Vaneties of 
Rolling Stock ; and ample Details of CosX. and Working Elxpenses. New 
Edition, Thoroughljr Revised, and Including the Progress recently made in 
Tramway Construction, &c., &c. By D. Kinnbar Clark, M. InsL CE. 
With 400 Illustrations. 8vo, 780 pp., buckram. 28/0 

" The new volume is one which will rank, among tramway engineers and those interested in 
tramway working, with the Author's world-famed book on railway machinery."— Tike Bngiiuer. 

SURVEYING A5 PRACTISED BY CIVIL ENGINEERS 

AND SURVEYORS. 

Including the Setting-out of Works for Construction and Surveys Abroad, with 
many Examples taken from Actual Practice. A Handbook for use in the Field 
and the Office, intended also as a Text-book for Students. By John White- 
law, Tun., A.M. Inst. C.E., Author of " Points and Crossings. With about 
260 Illustrations. Demy 8 vo, cloth. \Just Published, Net '\QlQ 

"This work is written with admirable lucidity, and will certainly be found of distinct value 
both to students and to those eng^ag^ed in actual practice." — The BuUder. 

PRACTICAL SURVEYING. 

A Text-Book for Students preparing for Examinations or for Survey-work in 
the Colonies. By George W. Usill, A.M.I.C.E. With 4 Lithographic 
Plates and upwards of 330 Illustrations. Seventh Edition. Includhig Tables 
of Natural Sines, Tangents, Secants, &c. Crown Svo, 7/6 doth ; or, on Thin 
Paper, leather, gilt edges, rounded corners, for pocket use . . . *! 2/6 

" The bMt forms of instruments are described as to their construction, usee and modes 
of emi^yment, and there are innumerable hints on work and equipment such as the aathor, la 
his experience as surveyor, draughtsman and teacher, has found necessary, and which the studant 
In his mexperience will find most serviceable."— ^h^'mmt. 

"The first book which should be put in the hands of a pupil of Civil Engineering."— 
ArchUict, 

AID TO 5URVEY PRACTICE. 

For Reference in Surveying, Levelling, and Setting>out; and in RoiiUe Sur- 
veys of Travellers by Land and Sea. With Tables, Illustrations, and Records. 
By Lowis D'A. Jackson, A.M.I.CE. Second Edition, Enlarged. 8vo, 

cloth 12/fi 

" Mr. Jackson has produced a valuable vade-mecum tot the surveyor. We can reccHamenS 
this book as containing an admirable supplement to the teaching of the accomplished surveyor. "— 

•^ J iLP*,***'*^'i*f*?S !°J*^ "T^l. fottaiMtB union of theory and practical expeilence which, 
aided by a clear and ludd style of wiittng, renden the book a veiy uaeftirooe."-^MCU^^ ^^^ 
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SURVEYING WITH THE TACHEOMETER. 

A practical Manual for the nse of Civil and Military Engineers and Surveyors. 

Including two series of Tables specially computed for the Reduction of 

Readings in Sexagesimal and in Centesimal Degrees. By Neil Kennedy, 

M. Inst. C.E. With Diagrams and Plates. Demy 8vo, cloth. Net 10/6 

" The work is very clearly written, and should remove all difficulties the way of any surveyor 
desirons of making use of this useful and rapid instrument." — Nature. 

ENGINEER'S & MINING SURVEYOR'S FIELD BOOK. 

Consisting of a Series of Tables, with Rules, Explanations of Systems, and 
use of Theodolite for Traverse Surveying and plotting the work with minute 
accuracy by means of Straight Edge and Set Square only ; Levelling with the 
Theodolite, Setting-out Curves with and without thfc Theodolite, Earthwork 
Tables, &c. By W. Davis Haskoll, C.£. With numerous Woodcuts 

Fourth Edition, Enlarged. Crown 8vo, cloth 12/0 

** The book is very handy ; the separate tables of sines and tangents to every minute will make 
It useful for many other purposes, the genuine traverse tables existing a the same.' —Athtnaum, 

LAND AND MARINE 5URVEYINQ. 

In Reference to the Preparation of Plans for Roads and Railway ; Canals, 
Rivers, Towns' Water supplies; Docks and Harbours. With Description 
and Use of Surveying Instruments. By W. Davis Haskoll, C.£. Second 
Edition, Revised, wiSi Additions. Large crqwn 8vo, cloth . . 9/0 

** This book must prove of great value to the student. We have no hesitation in recom* 
mending it, feeling assured that it will more than repay a careful sXvidy"— Mechanical World. 

" A most useful book for the student We can strongly recommend it as a carefuUy-written 
and TslnaUe text-book. It enjoys a well-deserved repute among surveyors."— i9M*/t^. 

PRINCIPLE5 AND PRACTICE OP LEVELLING. 

Showing its Application to Purposes of Railway and Civil Engineering b 
the Construction of Roads ; with Mr. Telford's Rules for the same. By 
Frederick W. Simms, M. Inst. C.E. Eighth Edition, with Law's Practical 
Examples for Setting-out Railway Curves, and Trautwine's Field Practice 
of Laying-out Circular Curves. With 7 Plates and numerous Woodcuts, 
8vo 8/6 

** The text-book on levelling in most of our engineering schools and colleges."— J?M!fTM<«r. 

"The publishers have rendered a substantial service to the profession, especially to the 
younger memDers, by bringing out the present edition of Mr. Simms's useful yioik^'—Engin^riMi. 

AN OUTLINE OF THE METHOD OF CONDUCTING 

A TRIQONOMBTRICAL 5URVBY. 

For the Formation of Geographical and Topo^aphical Maps and Plans, Mili* 

tary Reconnaissance, LEVELLING, &c., with Useful Problems, Formulae, 

and Tables. By Lieut. -General Fromb, R.E. Fourth Edition, Revised and 

partly Re-written by Maior-General Sir Charles Warren, G.C.M.G., R.E. 

With 19 Plates and 1x5 Woodcuts, royal 8vo, cloth .... 1 6/0 

" No words of praise from us can strengthen the position so well and so steadily maintained 

by this woric Sir Charies Warren has revised the entire work, and made such additions as were 

necessary to bring every portion of the contents up to the present daXit."— Broad Arrow. 

TABLE5 OF TANGENTIAL ANGLE3 AND MULTIPLE3 

FOR 5ETTINa-0UT CURVES. 

From s to 300 Radius. B^ A. Beazeley, M. Inst. C.E. 6th Edition, 
Revised. With an Appendix on the use of the Tables for Measuring up 
Curves. Printed on 50 Cards, and sold in a cloth box, waistcoat*pocket sixe. 

3/6 

" Each table is printed on a small card, which, placed on the theodolite, leaves the hands free 
to manipulate the instrument— no small advantage as regards the rapidity of work."— £«fY»<«r. 

" very bandy : a man may know that all his day's work must fall on two of these cards, which 
he puts Into his own card-case, and leaves the rest behind."— ^t^Kmrwm. 

HANDY GENERAL EARTH-WORK TABLES. 

Giving the Contents in Cubic Yards of Centre and Slopes of Cuttings and 
Embukments from 3 inches to 80 feet in Depth or Height, for use vrith either 
66 feet Chain or xoo feet Chain. By J. H. Watson Buck, M. Inst. C.E. 
On a Sheet moonted in cloth case. 3/6 



14 CROSBY LOCKWOOD «• SON^S CATAUOGUB. 

BARTHWORK TABLE5. 

Showing the Contents in Cubic Yards of Bmbankments, Cattinss, Ac, d 
Heists or Depths up to an average of 80 feeL By Josbph Bkoadbskt, CE.. 
and Francis uampin, C.E^ Crown 8vo, cloth 5j0 

" The way in which accuracy is attained, by a simiile division of each cross hhIIum into thr» 
elenents, two in wiiich are constant and one TariaUe, is ingBnious. "— i^f tkem^rutm, 

A MANUAL ON EARTHWORK. 

By Albx. J. Graham, C.E. With numerous Diagrams. Second EdBtkn. 
z8mo, cloth ., 2i'8 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 

A Practical and Theoretical Essay. By T. H. Watson Buck, M. Inst CE.. 
Resident Engineer, L. and N. W. R. With Folding Plates, 8vo, cloth 12/0 



Many of the methods given are of extreme i»actical value to the mason, and tibe < 

tlons on the form of arch, the rules for ordering the stone, and the construction of the frT^*"S 
win be found of considerable use. We commend the book to the engineesinf ptr' — '—' 
BuUMngNews. 

" Will be regarded by dvil engineers as of the utmost value, and calailated to 
time and obviate many mistakes."— Cp/Mc^ GuardiaH. 

CAST & WROUGHT IRON BRIDGE CONSTRUCTION 

(A Complete and Practical Treatise on), including Iron Foundatxons. In 
Three Parts. — Theoretical, Practical, and Descriptive. By Wiu^iam Humbrh, 
A. M. Inst. C.E., and M. Inst. M.E. Third Edition, revised and moch im- 
proved, with ZZ5 Double Plates (ao of which now first appear in this editionX 
and numerous Additions to the Text. In a vols., imp. 4to, half-bound fai 

morocco £6 1 6s. 6d. 

" A very valuable contribution to the standard literature of dvil engineerii^. In aH^ ^tj ^i to 
elevations, plans, and sections, large scale details are given, which very much ofih ^nr a tiN 
Instructive worth of those illustrations."— C^sri/ Enji^neer and ArchiUcfs youmal, 

"Mr. Humber's stately volumes, lately issued— in which the most important bfi(toa 
erected during the last five years, under the direction of the late Mr. Brunei, Sir W. Cnntt, 
Mr. Hawkshaw, Mr. Page, Mr. Fowler, Mr. Hemans, and others among our most «wiihi#Mt 
engineers, are drawn and specified in great detail"- ^m^'mmt. 

ESSAY ON OBLIQUE BRIDGES 

(Practical and Theoretical). With 13 large Plates. By the late Gkosgk 
Watson Buck, M.I.CE. Fourth Edition, revised b^ his S<hi, J. H. Watson 
Buck, M.I.C.E. ; and with the addition of Description to Diagrams for 
Facilitating the Construction of Oblique Bridges, by W. H. Barlow, M.I.CE. 

Ro3ral 8vo, cloth . -| 2/0 

" The standard text-book for all engineers r^^ardlng skew arches is Mr. Buck's tieatisa, 
and it would be impossible to consult a better."— ^m^'mmt. 

"Mr. Buck's treatise is recognised as a standard text-book, and his treatment has d i »e ste d 
the subject of many of the intricacies supposed to belong to it. As a guide to the engineer and 
architect, on a confessedly difiicult subject, Mr. Buck's work is unsurpassed."— tAwtZAiNt^ Ittms. 

THE CONSTRUCTION OF OBLIQUE ARCHES 

(A Practical Treatise on). By John Hart. Third Edition, with Plates. 
Imperial 8vo, cloth 3/0 

GRAPHIC AND ANALYTIC STATICS. 

In their Practical Application to the Treatment of Stresses in Rood Solid 
Girders, Lattice, Bowstring, and Suspension Bridges, Braced Iron Arches and 
Piers, and other Frameworks. By K. Hudson Graham, CE. Containing 
Diagrams and Plates to Scale. With numerous. Examples, many taken from 
existing Structures. Specially arranged for Class-work in Colleges and 
Universities. Second Edition, Revised and Enlarged. 8vo, cloth . *! Q/Q 

" Mr. Graham's book will find a place wherever graphic and analytic statics are used or 
studied. "—Bftgineer. 

" The work is excellent from a practical point of view, and has evidently been prepaied 
with much care. The directions for working are ample, and are illustrated by an afanmdance of 
well-selected examples. It is an excellent text-book for the practical draughtsman."— ^tt<ii«MM. 

WEIGHTS OF WROUGHT IRON & STEEL GIRDER5. 

A Graphic Table for Facilitating the Computation of the Weights of Wrooght 
Iron and Steel Girders, &c., for Parliamentary and other Estimates. Bv 
J. H. Watson Buck, M. Inst. CE. On a Sheet . 2/6 
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PRACTICAL QEOMETRY. 

For the Architect, Engineer, and Mechanic. GiviM Rules for the Delineation 
and Application of various Geometrical Lines, Figures, and Curves. By 
£. W. Tarn, M.A., Architect. 8vo, cloth 9/0 

** No book with the same objects view has ever been published In wlilch the clearness of 
tbe rules laid down andtheiilustxative diagnms have been so aaA'siactoty."— Scotsman, 

THE QEOMETRY OF C0MPA55E5. 

Or. Problems Resolved by the mere Description of Circles and the Use of 
Coloured Diagrams and Symbols. By Oliver Bvrnb. Coloured Plates. 
Crown 8vo, cloth 3/6 

HANDY BOOK FOR THE CALCULATION OP 5TRAIN5 

In Girders and Similar Structures and their Strength. Consisting of Formulae 
and Corresponding Diagrams, with numerous details for Practical Appltca* 
tion, &c. B^ William Humber, A. M. Inst. C.E., &c Fifth Edition. 
Crown 8vo, with nearly zoo Woodcuts and 3 Plates, cloth . . . 7/6 

** The formube axe neatly expressed, and the diagrams z^>od."—Atfurutum. 
** We heartily commend this really handy book to our engineer and architect readers. — 
Bn^UsM Mtchanic. 

TRUSSES OF WOOD AND IRON. 

Practical Applications of Science in Determining the^ Stresses, Breaking 

Weights, Sate Loads, Scantlings, and Details of Construction. With Complete 

Working Drawings. By William Griffiths, Surveyor, Assistant Master, 

Tranmere School of Science and Art. Oblongj 8vo, cloth . , . 4/6 

"This handy little book enters so minutely into every detail connected with the con- 
struction of roof trusses that no student need be ignorant of these vaaXXsts."— Practical Engineer. 

THE STRAINS ON STRUCTURES OP IRONWORK. 

^th Practical Remarks on Iron Construction. By F. W. Shbilds, M.I.CE. 
8vo, cloth 6/0 

A TREATISE ON THE STRENGTH OF MATERIALS. 

With Rules for Application in Architecture, the Construction of Suspension 
Bridges. Railways, &c. By Peter Barlow, F.R.S. A new Ekiition, revised 
by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, F.R.S. ; to which 
are added. Experiments by Hodgkinson, Fairbairn, and Kirkaldy ; and 
Formulae for calculating Girders, &c Arranged and Edited by Wm. Humber, 
A. M.Inst. C.E. Demy 8vo, 400 pp., urith 19 large Platrs and numerous 
Woodcuts, cloth 1 8/0 

" Valuable alike to the student, tyro, and the experienced practitioner, it will always rank 
in future as it has hitherto done, as the standard treatise on that particular suhiecx."— Engineer. 

"As a scientific work of the first class, it deserves a foremost place on the bookshelves of 
•wy chril engineer and practical mechanic."— fn^/irA Mechanic. 

SAFE RAILWAY WORKING. 

A Treatise on Railway Accidents, their Cause and Prevention ; with a De* 
sciiption of Modern Appliances and Systems. By Clement £. Stretton, 
CEL, Vice-President and Consulting Engineer, Amalgamated Societjr of 
Railway Servants. With Illustrations and Coloured Plates. Third Edition, 

Enlarged. Crown 8vo, doth 3/6 

"A book for the engineer, the directors, the managers; and, in short, all who wish for 

infofmation on railway matters will find a perfect encyclopaedia in * Safe Railway Working.' "— 

Railway Review. 

" The author may be congratulated on having collected, in a very convenient form, much 

valuable information on the principal questions affecting the safe working of railways."— ^ai/waj' 

Engineer. 

EXPANSION OP STRUCTURES BY HEAT. 

By John Kbilt, C.E., late of the Indirui Public Works Department. Crown 

Svo, cloth 3/6 

" The aim the author has set before him, viz., to show the effects of heat upon metallic and 
ether ttnicturas, is a laudable one, for this is a branch of physics upon which the engineer or 
ncUtact can find but little reliable and comprehenslTe date in books."— ^MiAicr. 
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THB PROORB55 OP MODERN ENOINEERINQ. 

Complete in Four Volumes, imperial 4to, half-morooco, price £12 12t. 

Each volume sold separately, as follows : — 
First Sbribs, Comprising Civil, Mechanical, Marine, Hydranlic, RaBvij, 
Bridge, and other Engmeering ^ Works, &c By Wilx-laji Humbes 
A. M. Inst. C.E., &C. Imp. 4to, with 36 Double Plates, drawn to a large scalt. 
Photographic Portrait of John HawRshaw, C.E., F.R.S., &c, and copioe! 
descriptive Letterpress, Specifications, &c. Half-morocco . . £S Si- 
List OP THB PlATBS and DIAGRAMS. 

Victoria Station and Roof, L. b. & S. C R. (s platss) ; Southport ftst 
l» PLATES) : Victoria Station and Roof. L. C & D. and G. w. r. (6 Pi.ATBSh Roof 
OP Crbmornb music Hall; Bridge over G. N. Railway; Roof op station. 
DUTCH Rhenish Rail. (9 plates); Bridge over the Thambs, Wkst London 
extension Railway (5 plates); Armour Plates; Suspension Bridcb. Thaues 
U plates): The Allen engine; Suspension Bridge, Avon (3 pijtTBSl: Undek- 

ground railway (3 PLATES). 

HUMBERTS MODERN ENOINEERINQ. 

Second Series. Imp. 4to, with 3 Double Plates, Photographic Portnut d 
Robert Stephenson, C.E., M.P., F.R.S., &c., and copious descriptive Letter- 
press, Specifications, &c Half-morocco gg3 3«. 

List of the Plates and Diagrams. 

Birkenhead Docks, Low Water Basin (15 plates) ; Charing Cross Statios 
roof, C. C. Railway (3 plates); Digswell Viaduct, Great Northern railway; 
ROBBERY Wood Viaduct, Great Northern Railway; iron Permanent way; 
CLYDACH Viaduct, Merthyr, Tredegar, and Abergavenny Railway; Ebbw 
Viaduct, Merthyr, Tredegar, and Abergavenny Railway; collhgb Wood 
Viaduct. Cornwall railway; Dublin Winter Palace Roof (3 platks): Bridge 
OVER the Thames, L. C. & D. Railway (6 plates); Albert Harbour, Greenock 
(4 plates). 

HUMBER'5 MODERN ENOINEERINQ. 

Third Series. Imp. 4to, with 40 Double Plates, Photographic Portrait of 
J. R. M 'Clean, late Pres. Inst. U.E., and copious descriptive Letterpres, 
Specifications, &c. Half-morocco ^g3 3s. 

List of the Plates and Diagrams. 

main Drainage, Metropolis.— ^«ff% 5^.— Map showing intbrcbption of 
Sewers ; Middle Level Sewer (9 plates) ; Outfall Sewer, Bridge ovrr rivek 
Lea (3 plates) ; Outfall Sewer, Bridge over Marsh Lane, North Woolwich 
Railway, and Bow and barking railway Junction ; Outfall sewer, bridge ovek 
Bow and Barking Railway (3 plates) ; Outfall Sewer, bridge over East London 
water-works' Feeder (9 plates) ; outfall Sewer Reservoir (9 plates) ; Outfall 
Sewer, Tumbling Bay and outlet ; Outfall Sewer, Penstocks. Soiua Sidt.- 
OUTFALL Sewer, BbrmoNdsby Branch (9 plates) ; outfall Sewer, Reservoir and 
Outlet (4 plates) ; Outfall Sewer, Filth Hoist ; Sections of Sewers North and 
SOUTH Sides). 

Thames Embankment.— Section of River Wall; Steamboat Pier, west- 
minster (3 plates); Landing Stairs between Charing Cross and. Waterloo 
Bridges ; York Gate (a plates) ; Overflow and Outlet at Savoy Street Sewer 
(3 plates); Steamboat Pier, Waterloo Bridge (3 plates) ; Junction of Sewers, 
Plans and Sections ; Gullies, Plans and Sections ; Rolling Stock ; granite 
AND IRON Forts. 



H UMBER'S MODERN ENOINEERINQ. 

Fourth Series. Imp. 4to, with 36 Double Plates, Photoeraphic Portrait of 
John Fowler, late Pres. Inst. C.E., and copious descriptive Letterpress, Sped* 
fications, &c. Half-morocco £i3 3s. 

List op the Plates and Diagrams. 

Abbey Mills Pumping Station. Main Drainage, Metropolis (4 plates): 
Barrow Docks (5 plates) ; Manquis Viaduct, Santiago and Valparaiso Railway 
(3 plates); adam's locomotive, st. helen's canal railway (9 plates); cannon 

street STATION ROOF, CHARING CROSS RAILWAY (3 PLATES); ROAD BRIDGE OVER 

THB River moka (3 platbs) ; Telegraphic apparatus for Mesopotamia : Viaduct 
OVER the River wye. Midland railway (3 plates); St. Germans Viaduct 
CORNWALL Railway (s plates); wrought-Iron Cylinder for Divnn; Brlt- 
MiLLWALL Docks (6 plates) ; Milroy s Patent Excavator j Metropolttan Di^. 

TRICT railway (6 PLATBS) ; HARBOURS. PORTS. AND BRBAXWATERS (s PLATBS) 
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MARINE ENGINEERING, SHIPBUILDING, 

NAVIGATION, ETC. 



THB NAVAL ARCHITECTS AND SHIPBUILDER'S 

POCKET- BOOK of Formulae, Rules, and Tables, and Marine Engineer's and 
Survevor's Handy Book of Reference. By Clbmbnt Mackrow, M.I.N. A. 
Eighth Edition, Carefully Revised ahd Enlarged. Fcap., leather^ 

[ /usi Publhhtd. Net 1 2/6 

Summary of CoraeNts :— Signs and symbols, Decimal Fractions.— Trigo- 

NOMBTRY.— PRACTICAL GBOMBTRV.— MENSURATION.— CENTRES AND MOMENTS OP 
FIGURES.— MOMENTS OP INERTIA AND RADII OP GYRATION.— ALGEBRAICAL EXPRESSIONS 
FOR SIMPSON'S RULES.— MECHANICAL PRINCIPLES.— CENTRE OF GRAVITY.— LAWS OP 
MOTION. —DISPLACEMENT, CENTRE OP BUOYANCY.— CENTRE Ofr GRAVltV OP SHIP'S 
HULJ.— STABILITY CURVES AND METACENTRES.— SEA AND SHALLOW- WATER WAVESi 
—ROLLING OP SHIPS.— PROPULSION AND RESISTANCE OP VESSELS.— SPEED TRIALS.— 
SAILING CENTRE OF EFFORT.— DISTANCES DOWN RIVERS, COAST LINES.— STEERING ANb 

RUDDERS OP VESSELS.— Launching Calculations and Velocities.— Weight op 

MATERIAL AND GEAR.— GUN PARTICULARS AND WEIGHT.— STANDARD GAUGES.'— 
RrVfiTBD JOINTS AND RIVETING.— STRENGTH AND TESTS OP MATERIALS.— BINDING 
AND SHEARING STRESSES, &C.— STRENGTH OP SHAFTING, PILLARS, WHEELS, &C.— 
HYDRAULIC DATA, dcc. — CONIC SECTIONS, CATENARIAN CURVES. — MECHANICAL 
POWERS, WORK.— BOARD OF TRADE REGULATIONS FOR BOILERS AND ENGINES.- BOARD 

OF TRADE Regulations for ships.— Lloyd's Rules for Boilers.— Lloyd's weight 
OP Chains.— Lloyd's Scantlings for Ships.-^Data op Engines and Vessels.— 
SHIPS' Fittings and tests.— seasoning preserving timber.— measurement op 
Timber.— Alloys, paints. Varnishes.— data for stowage.— admiralty Trans* 
PORT Regulations. — RULES for Horse-power, Screw propellers, dec- per- 
centages FOR BUTT STRAPS, &C.— PARTICULARS OF YACHTS.— MASTING AND RIGGING 

VESSELS.— Distances op foreign Ports.— Tonnage Tables.— Vocabulary of 
French and English Terms. — English weights and Measures. — Foreign 
weights and Measures.— Decimal Equivalents.— Foreign money.— Discount 
AND wages Tables.— Useful Numbers and Ready reckoners.- Tables of 
Circular measures.— Tables op areas op and Circumferences of Circles.- 
Tables op areas op segments of Circles.— Tables op squares and Cubes and 
Roots op Numbers.— tables op logarithms op numbers.— Tables op Hyper- 
bolic Logarithms.— Tables of Natural Sines, Tangents, dtc.— Tables of 
Logarithmic Sines, tangents, dec. 

" In these days of advanced knowledge a work like this is of the sn^eatest value. It contains 
a vast amount of intonnation. We unhesitaonsAy say that it is the most valuable compilation for its 
specific purpose that has ever been printed. No naval architect, engineer, surveyor, teaman, 
wood or iron shipbuilder, can afford to be without this work."— ^aMMca/ Magatrine. 

" Should be used by all who are vagaged in the construcdon or design of vessels. . . . Will 
be found to contain the most usefiil tables and formulae required by shipbuilders, carefully collected 
from the best authorities, and put togedier in a popular and simple form. "The book is one of 
excepdonal Tatnt."—£n£^neer. 

" The profesrionalshipbuilder has now. In a convenient and accesdble form, reliable data for 
solving many of the numerous problems that present themselves in the course of his work."— /rvw. 

"There is no doubt that a pocket-book of this description must be a necessity in the ship- 
building trade. . . The volume contains a mass of useful information clearly expressed and 
presented in a handy tonn,"— Marin* Engintdr, 

WANNAN'5 MARINE ENGINEER'S GUIDE 

To Board of Trade Examinations for Certificates of Competency. Containing 
all Latest Questions to Date, with Simple, Clear, and Correct Solutions ; 
308 Elementary Questions with lUustiated Answers, and Verbal Questions 
and Answers ; complete Set of Drawings with Statements completed. By 
A. C. Wannan,C.E., Consulting Engineer, and E. W. I. Wannan, M.I.M.E., 
Certificated First Class Marine Engineer. Illustrated with numerous Engrav- 
ings. Third Edition, Revised and Enlarged. 500 pages. Large crown 8vo, 
cloth. \Just Published. iV^/ 10/6 

" The book is clearly and plainly written and avoids unnecessary explanations and formulasi 
and we consider it a valuable book for students of marine engineering."— Akn/^'ra/ Magazine. 

WANNAN'S MARINE ENGINEER'S POCKET-BOOK 

Containing Latest Board of Trade Rules and Data for Marine Engineers. 

By A. C. Wannan. Third Edition, Revised, Enlarged, and Brought up to 

Date. Square i8mo, with thumb Index, leather. {Just Published. 5/0 

"There is a gteat deal of useful information in this little pocket book. It is of the rule-of 

thumb order, and Is, on that account, well adapted to the uses of the s( a-goii^ engineer."— 

Enginttr, 

k. B 
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5BA TBRM5, PHRA5e5, AND WORDS 

(Technical Dictionary of) lued in the English and French Laognasa 
lEnglish- French^ French'Engliah). For the Use of Seamen, Kngineers, Puots. 
shipbuilders. Shipowners, and Ship-brokers. Compiled by W. Pixxik, lite at 
the African Steamship Company. Fcap. 8vo, cloth limp .50 



"thb Tolume wiD be hlshly appradated by leanMin. englneen. pHoCa. akdpbi^BdBa aad stap^ 
It win be found wonderfulqr accurate and complete. "^-SewCrOTaH. 



B win be hlffhly appradated by teamen. ( 
found wonderfiilnr accurate and comptoti 
ill dictionary, wUch has kinr been wan 



" A Tefy usefiil dictionary, wUch hat kinr been wanted by Fraach aad EqgBA 
oasten, ofHcers and otbtg»."—SM^tfif IVprUL 

ELECTRIC 5HIP«LIQHTINQ. 

A Handbode on the Practical Fitting and Running of Shij^* Slectrical PboL 
for the Use of Shipowners and Builders, Marine Electricums and Sea-gdaf 
Engineers in Charge. Bv T. W. Urquhart, Author of "Electric Light' 
"Dynamo Construction, sc. S^eond Edition, Revised and Extended. 
With nunierous Illustrations. Crown 8vo, cloth i . .7.6 

Marine enqineer'5 pocket-book. 

Consisting of useful Tables and Formulae. By Fkank Proctok, A.I.N.A 
Third Editioh. Royal samo, leatheri . i t i . . . 4.'0 



'' We recommend It to our readers as going fax to snpphr a long-fiBit want."— ^Afaw/ Atoia 
" A mott usefiil companion to all marine engineers."— C/mfarf Strvic* Cktmttt. 

ELEMENTARY MARINE ENQINEERINQ. 

A Mantial for Young Marine Engineers and Apprentices. In the Form cy' 

Questions and Answers on Metals, Alloys, Strength of Materials, CcMistructioc 

and Management of Marine Engines and Boilers, Geometry, &c. With 

an Appendix of Useful Tables. By J< S. Brbwbr« Crovm 8vo, cloth 1/6 

" Contains mucli valuable information for the class for whom it is intended, niporliilj in the 
chapters on the management of boilers and engines."— i\^««(Mai/ MagoMine. 

MARINE ENQINE5 AND STEAM VE55EL5. 

A Treatise on. By Robbrt Murray, CE. Eighth Edition, thoroogUy 
Revised, with considerable Additions by the Author and by Gborgi 
Carlislb, C.E., Senior Surveyor to the Boiird of Trade at Liverpool. Cro\>T 
9vOj clcth I , i I . i . i . . * , 4/6 

PRACTICAL NAVIGATION. 

Consisting of The Sailor's Sba-Book, bv Jambs Grbbnwood and W. H. 
RossBR ; together with the requisite Mathematical and Nautical Tables for 
the Working of the Problems, by Hbnry Law, C.E., and Professor J. R. 
Young. Illustrated, zamo, strongly half-bound 7,0 

THE ART AND 5CIENCE OF 5AILMAKINa. 

By Samubl B. Sadlbr, Practical Sailmaker, late in the employment of 
Messrs. Ratsey and Lapthome, of Cowes and Gosport. With Pbues and 

other Illustrations. Small 4to, cloth 1 2/6 

" This extremely practical work gives a comfrfete education in all the branches of tiie nuam* 

Bcture, cutting out, ropmg, seaming, and goring. It is copiously illnstrated, and will fonn a fiia- 

rate text-book and guide.' —Partsmotah Times, 

CHAIN CABLES AND CHAINS. 

Comprising Sizes and Cturves of Links, Studs, &c., Iron for Gabies and Chains. 
Chain Cable and Chain Making^ Forming and Welding LinkS| Strength o^ 
Cables and Chains, Certificates for Cables, Marking Cables, Pnces of Chain 
Cables and Chains, Historical Notes, Acts of Parliament, Statutory Tests. 
Charges for Testing, List of Manufacturers of Cables, &c, &c By 
Thomas W. Traill, F.E.R.N., M.Inst.C.E., Engineer-Survesror-in-Chief. 
Board of Trade, Inspector of Chain Cable and Anchor Proving Establishments, 
and General Superintendent Llo]rd's Committee on Proving fi^ablishments. 
With numerous Tables, Illustrations, and Lithographic Drawings. Fdio, 

cloth, bevelled boards iB2 2s 

"It contatos a y^ amount c f valuable infoimatioD. Nothing soema to be wantinir to «».»w» h 
ipletc and standard wock of tcfetencc on the subJrct."-.A^a«5oi/ Mugaaine, ^^ 
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MINING, METALLURGY, AND 
COLLIERY WORKING. 



I MACHINERY FOR MBTALLIFER0U5 MINE5. 

A Practical Treatise for Mining Engineers, Metallurgists, and Managers of 

Mines. ByE. Henry Davies, M.E., F.G.S. 600 pp. With Folding Plates 

and other Illustrations. Medium 8vo, cloth. [Just Publish^. Net 25/0 

f " Deals exhaustiveljr with the many and complex details which go to make up the sum total of 

^ tiiachinery and other requirements for the successful working of metalliferous mines, and as a book 
8 of ready reference is of the highest value to mine managers and directors." — Mining jfournal. 
\ " Mr. Davies has done the advanced student and the manager of mines good service. 

Almost every kind of machinery in actual use is carefully described, and the woodcuts and {dates 

are gw>d."—Atk*fugMin, 

THE DEEP LEVEL MINES OF THE RAND, 

And their Future Development, considered from the Commercial Point of View. 

^ By G. A. Denny (of Johannesburg), M.N.E.I.M.E., Consulting Engineer to 

the General Mining and Finance Corporation, Ltd., of London, Berlin, Paris, 

"^ and Johannesburg. Fully Illustrated with Diagrams and Folding Plates. 

* Royal 8vo, buckram. [fust Published. Net 26/0 

^' Mr. Denny by confining himielf to the consideration of the future of the deep-level mines 

x>F tlie Rand breaks new ground, and by dealiiuf with the subject rather from a commercial stand- 

^ point than from a scientific one, appeals to a wide circle of readers. The book cannot fail to prove 

of very great value t investors in South African mines." — Mining yourml. 

"Will interest all who are concerned in any way with the Witwatersrand Goldfields."— 
The Times. 

PROSPECTING FOR GOLD. 

A Handbook of Information and Hints for Prospectors based on Personal 
Experience, By Daniel J. Rankin, F.R.S.G.S., M.R.A.S., formerly 
\ Manager of the Central African Company, ami Leader of African Gold Pros- 

^ pecting Expeditions. With Illustrations specially Drawn and Engraved for 

*. the Work. F'cap. 8vo, leather. [Just Published. Net 7/6 

^ " This well-compiled book contains a collection of the richest gems of usetul knowl edge for 

'' the prospector's benefit. A special table is given to accelerate the spotting at a glance of minerals 
associated writh gold."— Mining youmal. 

THE METALLURGY OP GOLD. 

ii< A Practical Treatise on the Metallurgical Treatment of Gold-bearing Ores. 

^ Including the Assaying, Melting, and Refining of Gold. By M. Eissler, 

^^ M. Inst. M.M. Fifth Edition, Enlarged. With over 300 Illustrations and 

numerous Folding Plates. Medium Svo, cloth. [Just Published, Net 21 /O 

" This book thoroug^y deserves its title of a ' Practical Treatise.' The whole process of gold 
■mining, from the breaking of the quartz to the assay of the bullion, is described in clear and orderly 
narrative and with much, but not too much, fulness of dtXaSL" Saturday Review. 
^ " The work is a storehouse of information and valuable data, and we strongly recommend it 

;>, A,o all professional men engaged in the goid-mining industry."— Jif*'M«M^ youmeU. 

^, THE CYANIDE PR0CE33 OF GOLD EXTRACTION. 

^ And its Practical Application on the Witwatersrand Gold Fields and elsewhere. 

By M. Eissler, M. Inst. M.M. With Diagrams and Working Drawings. 

Third Edition, Revised and Enlarged. Svo, cloth [Just Published, Net 7/6 

" This book is Just what was needed to acquaint mining men with the actual working of a 
^fi> process which is not only the most popular, but £5, as a general rule, the most successful for the 
' -^ -extractton of gold from tai&Dgs."— Mining youmal. 

^' DIAMOND DRILLING FOR GOLD & OTHER MINERALS. 

^, i A Practical Handbook on the Use of Modern Diamond Core Drills in Pro* 

tflf* specting and Exploiting Mineral-Bearing Properties, including Particulars of 

^ the Costs of Apparatus and Working. By G. A. Denny, M.N.E. Inst. M.E., 

^ M. Inst. M.M. Medium Svo, 168 pp., with Illustrative Diagrams . 12/6 

mP " There is certainly scope for a work on diamond drilling, and Mr. Denny deserves grateful 

^ recognition for supplying a decided want. We strongly recommend every beard of directors to 

.^ 'careuiUy peruse the pages of the vfork."-'Mining yeumai. 

B a 
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FIELD TESTING FOR GOLD AND SIL.VHR. 

A Practical Manual for Prospectors and Miners. By W. H. MxRun 
M.N.E. Inst. M.E., A.R.S.M., &c. With Photographic Plates and c6-. 
Illustrations. Fcap. 8vo, leather. Jfti 50 

" As an instructor of prospectors* classes Mr. Merritt has the advantage fif kno-Ri 
exactly the information likely to be most valuable to the miner in the field. Xhe camtect>: - 
all the details of sampling; and testini; gold and silver ores. A useful addition to a piospecsx: 
kit."— il/»»i>«f ycumal, 

THE PROSPECTOR'S HANDBOOK. 

A Guide for the Prospector and Traveller in search of Metal- Bearing or otbc 
Valuable Minerals. By J. W. Anderson, M.A. (Canib.X F.R.G.S. NiQ^ 
Edition. Small crovm 8vo, 3/6 cloth ; or, leather . . « . 46 



" win supply a much-fielt want, espedalhr amooc CcJonhts, In iHioae way are so often tim*^ 
many mineraloKical specimflns the value of which it is difficult to determine." — Mng-inttr. 

" How to find commercial minerals, and how to identify them when they axe fccmd. nt the 
leading points to which attention is directed. The author has managed to pacK as mncfa piacticz.' 
detail Into his pages as would supply material for a book three timas tts ifim * Ifi'wfjm J^unml 

THE METALLURGY OF SILVER. 

A Practical Treatise on the Amalgamation, Roasting, and Uxiviation of She 

Ores. Including the Assaying, Melting^ and Refining of Silver Ballion. By 

M. EissLBR, M.Inst. M.M. Third Edition. Crown 8vo, doth . 10/6 

" A practical treatise, and a technical work which we are convinced win supply a kav-^ 

want amongst practical men, and at the same time be of value to students and otneis indhecthr 

connected with the industries."— ift^Mtn^ youmal. 

" From first to la»t the book is thoroughly sound and reUable."— Cai/i£r*3f ChdinxUan. 

THE HYDRO-METALLURGY OF COPPER. 

Being an Account of Processes Adopted in the Hydro*MetaIlargical Treat* 
ment of Cupriferous Ores, Including the Manufacture of Copper Vitriol, with 
Chapters on the Sources of Supply of Copper and the Roasting of Ccniper Ores. 
By M. EissLER, M. Inst. M.M. 8vo, cloth. XJust Pttblished. .^/ 12.6 

" In this volume the various processes for the extraction of copper Inr wet methods are fu'}v 
detailed. . . . Costs are eiven when available, and a great deal of useml infonnation about the 
copper industry of the world is presented in an interesting and attractive manner. . . . A rei}' 
welcome addition to the literature of copper."— ^i«i>i^ youmal. 

THE METALLURGY OF ARGENTIFEROUS LEAD. 

A Practical Treatise on the Smelting of Silver-Lead Ores and the Refining of 
Lead Bullion. Including Reports on various Smelting Establishnoents and 
Descriptions of Modem Smelting Furnaces and Plants in Europe and America. 
By M. EissLBR, M. Inst. M.M., Author of "The Metallurgy of Gold," ftc 

Crown 8vo, 400 pp., with iS's Illustrations, cloth 12/6 

" The numerous metalluigical processes, which are fiilly and extensively treated o^ embnc* 

all the stages experienced in the passage of the lead firom the various natural states to its issue 6ob 

the refinery as an article of commerce, —/'raf /tot/ Engineer. 

METALLIFEROUS MINERALS AND MINING. 

By D. C. Davibs, F.G.S. Sixth Edition, thoroughly Revised and mud> 

Enlarged by his Son, E. Hbnry Davibs, M.E., F.G.S. 600 pp., with 173 

Illustrations. Large crown Svo, cloth l^ei 1 2/6 

" Nether the practical miner nor the general reader, interested in mines, can have a better 

book for his companion and his guide."— Aftw^Mif' youmal. 

" As a history of the present state of mining throughout the worid this book has a teal vahae, 
and It supplies an actual ytwX."--Athetueuni. 

EARTHY AND OTHER MINERALS AND MINING. 

By D. C. Davibs, F.G.S., Author of " Metalliferous Minerals," &c. Thin^ 

Edition, Revised and Enlarged by hb Son, E. Hbnry Davibs, M.E., F.G.S. 

With about zoo Illustrations. Crown Svo, cloth 1 2/6 

" We do not remember to have met with any En^^ish work on mining nwtteis that contaiitf 
the same amount of Information packed in equally convenient totm,"—^caden^. 

BRITISH MINING. 

A Treatise on the History, Discovery, Practical Development, and Fntnit 
Prospects of Metalliferous Mines in the United Kingdom. By Robert 
Hunt, F.R.S., late Keeper of Mining Records. Upwards of 030 pp., with 
330 Illustrations. Second Edition, Revised. Super-royal Svo, cloOi g^ 2ty 
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^OCKBT-BOOK FOR MINERS AND METALLURGISTS. 

Cominising Rules, Formube, Tables, and Notes for Use in Field and Office 
Work. By F. Danvbrs Power, F.G.S., M.E. Second Edition, Corrected. 

Fcap. 8vo, leather 9/0 

** This excellent book b an admirable example of its kind, and ou(|rfat to find a largfe sale 
'axxxoncfst EngUsh-speakinif prospectors and mining fkii^siitex^"—BngiHeeriMg, 

nrHE MINER'S HANDBOOK. 

A Handy Book of Reference on the subjects of Mineral Deposits, Mining 

Operations, Ore Dressing, &c. For the Use of Students and others interested 

in Mining Matters. Compiled by John Milne, F.R.S., Professor of Mining 

in the Imperial University of Japan. Third Edition. Fcap. 8 vo, leather 7/6 

" Professor Milne's handbook is sure to be received with favour by all connected with 
mining^, and will be extremely popular xmong sX\idiSDX&,"—AtherueutK. 

IRON ORES of GREAT BRITAIN and IRELAND. 

Their Mode of Occurrence, Age and Origin, and the Methods of Searching for 
and Working Them. With a Notice of some of the Iron Ores of Spain. By 
J. D. Kendall, F.G.S., Mining Engineer. Crown Svq, cloth . . 1 6/0 

IVilNB DRAINAGE. 

A Complete Practical Treatise on Direct-Acting Underground Steam 
Pumping Machinery. By Stephen Michell. Second Edition, Re*written 
and Enlarged. With 950 Illustrations. Royal 8vo, cloth. Net 25/0 

HORIZONTAL PUMPING ENGINES.— ROTARY AND NON-ROTARY HORIZONTAL 

ENGINES,— Simple and compound Steam Pumps.— VERTICAL PUMPING ENGINES.— 

ROTARY AND NON-ROTARY VERTICAL ENGINES.— SIMPLE AND COMPOUND STEAM 

PUMPS. — Triple-Expansion Steam Pumps. — pulsating Steam pumps. — Pump 
Valves.— Sinking pumps, &c., &c. 

" This volume contains an immense amount of important and interesting new matter. 
The book should undoubtedly prove of great use to all who wish for information on the sub- 
jcct."— 7"A^ Engineer. 

ELECTRICITY AS APPLIED TO MINING. 

By Arnold Lupton, M.Inst.C.E., M.I.M.E., M.I.E.E., late Professor of 
Coal Mining at the Yorkshire College, Victoria University, Mining Engineer 
and Colliery Manager; G. D. Aspinall Parr, M.I.E.E., A.M.I. M.E., 
Associate of the Central Technical College, City and Guilds of London, Head 
of the Electrical Engineering Department, Yorkshire College, Victoria 
University; and Herbert Perkin, M.I.M.E., Certified Colliery Manager, 
Assistant Lecturer in the Mining Department of the Yorkshire College, 
Victoria University. With about 170 Illustrations. Medium 8vo. cloth. 

[Just Published. Net 9/0 
(For Summary of contents, see page 23.) 

THE COLLIERY MANAaER'5 HANDBOOK. 

A Comprehensive Treatise on the Laying-out and Working of Collieries, 
Designed as a Book of Reference for Colliery Managers, and for Uie Use of Coal 
Mining Students preparing for First-class Certificates. By Caleb Pamely, 
Mining Engineer and Surveyor ; Member of the North of England Institute of 
Mining and Mechanical Engineers ; and Member of the South Wales Institute 
of Mining Engineers. With 700 Plans, Diagrams, and other Illustrations. 
Fourth Edition, Revised and Enlarged. 964 pp. Medium 8vo, cloth £1 5t* 

Geology.— Search for Coai Mineral Leases and other Holdings.— 

SHAFT Sinking.— FrrriNG Up the Shaft and surface arrangements.— Steam 
boilers and their Fittings.— Timbering and Walling.— Narrow work and 
Methods of working. — Underground conveyance,— Drainage.— The Gases 
met with in Mines ; Ventilation. — on the Friction of Air in Mines. — The 
pribstman Oil Engine ; Petroleum and Natural Gas. — Surveying and 
Planning.— Safety Lamps and Firedamp Detectors.- Sundry and Incidental 
operations and appliances.— colliery explosions.— miscellaneous questions 

and answers.— ^//Ciuftv; summary of REPORT OP H.M. COMMISSIONERS ON 
ACCIDBNTS IN MINES. 

" Mr. Pamely's work is eminently suited to the purpose or which it is intended, beinfir dear, 
InteKSting, exhaustive, rich in detail, and up to date, giving: descriptions of the latest machines in 
•vecjr department A mining engineer could scarcely go wrong who followed this ynyck."— Colliery 
Guardian. 

" Mr. Pamely has not only given us a comprehendve reference book of a very high order 
suitable to the requirements of nuning engineers and colliery managers, but has also provided 
mining students with a class-book that u as mteresting as it is instructive." — Colliery Manager . 

"This is the most complete 'all-round work on coal-minhig published in the English 
language. ... No library of coal-mining books is complete without Vt."— Colliery Sngineer 
(Scnntoo, Pa.. U.S.A.). 
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COLLIERY WORKING AND MANAOBMBNT. 

Comprbiiig the Daties of a Colliery Manager, the Ot eiaiiftb t and Amur 
meat of Labour and Wages, and the different Systems <^ Workms Cos. 
Seams. By H. F. Bulmam and R. A. S. Rbdmatmk. 350 ppi, tti 
•8 Platei and other Illostrations, including Undetgroimd FbMoga:^ 
Medium 8vo, doth. ISt) 

**TUs Is, Indeed, an adndnble Handbook for ColHenr Maaac«iB. In Hct It is aa l iM lHr— °^ 
a^unct to a CoDtory Manager's educatk», as wdl as hemg a most useful and iatensmg «^ 
00 ttie sul^ect for all who In any way hare to do with coal miiunK. Tlie undeismmnd phocognF^ 
are an attnctire feature of the work, being very lifeKke and n e c e war fly tme rryin uniiiinnT ot ^ 
scenes they depict."— CaUiery GuardiaH. 

*' Mr. Bubnan and Mr. Redmayne, who are both ezpeileaced CoOiesy Maaa^eB of gic 
Hterary ability, are to be congratubted on having suppHed anauthotttatiTe wotk dealivwitb a ak 
of the subject of coal mining which has hitherto received but scant tveatmeml Tht aotacr 
elucidate their text by ito wooidcuts and sB plates, most of the latter being admimlde venndnctk.^ 
of photographs taken underground with the aid of the magnesium flash-ttgi'ht. Tbese fflustntiGc> 
are excdlent."— A'isiWrv. 

COAL AND COAL MINING. 

By the late Sir 3Varington W. Smvth, M.A., F.R.S., Chief Inspector of thf 
Mines of the Crown and of the Duchy of Cornwall. Eighth Edition, Rvsistc 
and Extended by T. Forstek Brown, Mining and Ci\'il Engineer, Chief 
In4>ector of the Minei of the Crown and of the Duchy of Cornwall. Crowr. 
8vo, cloth. 3 '6 



' As an outline is given of ereiv known coal-field In this and other countrias, as weB as otf tte 
principal methods of working, the Sook will doubdess interest a very laq^ number ofreadets. - 
Mining yournal. 

NOTES AND FORMUL.C FOR MINING 5TUDENT5. 

By ToHN Hbxman Mbrivalb, M.A., Late Professor of Mining in the Dnzhan 

College of Science, Newcastle-upon-Tyne. Fourth Edition, Revised and 

Enlarged. By H. F. Bulman, A.M.Inst.C.E. Small crown 8vo, cloth. 2/6 

" The author has done his work in a creditable manner, and has produced a book that wit 

be of service to students and those who are practically engaged in mining operations.** — Enginm. 

INFLAMMABLE QAS AND VAPOUR IN THE AIR 

(The Detection and Measurement of). By Frank Clowbs, D.Sc, Lond, 
F.I.C. With a Chapter on Thb Dbtbctiom and MsASUitBMBNT op Pbtro- 
LBUM Vapour by Bovbrton Rbdwood, F.R.S.E., Consulting Adviso- to the 
Corporation of London under the Petroleum Acts. Crown 8vo, doth. Utt 5/0 
" Professor Qowes has given us a volume on a subject of much industrial unpottance . . ■ 

Those interested in these matters may be recommended to study this book, which is easy of oonpiv- 

hension and contains many good things."— TTr^ Engituer. 

COAL & IRON INDU5TRIE5 of the UNITED KINGDOM. 

Comprising a Description of the Coal Fields, and c( the Principal Seams of 
Coal^ with Returns of their Produce and its Distribution, and Analyses of 
Special Varieties. Also, an Account of the Occtnrence of Iron Ores in Yeiosor 
Seams ; Analyses of each Variety ; and a History of the Rise and Progress of 
Pig Iron Manufacture. By Richard Mbadb. 8vo, cloth . . £-{ 8s. 
" Of this book we may unreservedly say that it is the best of its class which we have em 

met. ... A book of reference which no one engaged in the iron or coal trades should omit bom 

his lilMrary."— /rvM and CotU Trades Review, 

A5BE5T05 AND A5BE5TIC. 

Theur Properties. Occurrence, and Use. By Robbrt H. Jonbs, F.S.A, 
Mineralogist, Hon. Mem. Asbestos Club, Black Lake, Canada. Witi: 
Ten Collotype Plates and other Illustrations. Demy 8vo, cloth. . 1 Q/Q 
" An interesting and invaluable woA."— Colliery GuartUoM. 

QRANITE5 AND OUR GRANITE INDU5TRIE5. 

By George F. Harris, F.G.S. With Illustrations. Crown 8vo, doth 2/6 
TRAVERSE TABLES. 

For use in Mine Surveying. By William Lintbrn, C.E. With two plates 
Small crown 8vo, cloth. [/Msf Puilisfud, Nit Q/Q 
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THB ELEMENTS OF ELECTRICAL ENOINEERINQ. 

A. First Year's Course for Students. By Tvson Sbwbll, AI.E.E., Assistant 
Lecturer and Demonstrator m Electrical Engineering at the Polytechnic, 
Regent Street, London. With upwards of 200 Illustrations. Demy 8vo, 
cloUi. [Just Publishid. Net 7/6 

Ohm's law.— units Employed in electrical Engineering. -Series and 
Parallel Circuits ; Current Density and potential Drop in the Circuit.— 
THE Heating Effect of the Electric current.— The Magnetic effect of an 
Hlectric current.— The magnetisation of Iron.— Electro-chemistry; primary 
BATTBRiEa.—AccuMULATOR8,— Indicating instruments ; ammeters, Voltmeters, 
OHMMETERS.— Electricity .Supply Meters.^Measuring instruments, and the 
measurement of Electrical Resistance. — Measurement of potential Dif. 
fhrence. Capacity, Current strength, and permeability.- arc Lamps.— incan. 
np.scENT LAMPS} Manufacture and Installation; photometry. — The Con- 
tinuous Current Dynamo.— Direct Current Motors. 

' An excellent treatise for students of the elementary facts connected with electrical 
enRineering," — Tfu BUctrician. 

" Distinctly one of the best books for those commencing the study of electrical engineering. 
Everything is explained in simple language which even a begmner cannot fail to understand."- 7*^^ 

" One welcomes this book, which is sound in its treatment, and admirably calculated to gitre 
students the knowledge and information they most require."— Nature. 

CONDUCTORS FOR ELECTRICAL DISTRIBUTION. 

Their Materials and Manufacture, The Calculation of Circuits, Pole*Line 

Construction, Underground Working, and other Uses. By F. A u. Pbrrinb, 

A.M-, D.Sc. ; formerly Professor of Electrical Engineering, Leland Stanford, 

Jr., University ; Member American Institute Electrical Engineers. Demy 

8vo, cloth. [/usi Publishtd, Net 20/- 

Conductor Materials— Alloyed Conductors— Manufacture of Wire— 
Wire-Finishing— Wire Insulation— Cables— Calculation of Circuits— Kelvin's 
Law of Economy in conductors— Multiple arc Distribution— alternating 
current Calculation— Overhead Lines— Pole Line— Line Insulators— Under* 
f.ROUND Conductors. 

ARMATURE WINDINGS OF DIRECT CURRENT 

DYNAMOS. 

Extension and "Application of a General Winding Rule. By E. Arnold, 
Engineer. Assistant Professor in Elect rotechnics and Machine Design at the 
Riga Polytechnic School. Translated from the Original German by Francis 
B. De Grbss, M.E , Chief of Testing Department, Crockerr Wheeler Com- 
pany. With X46 Illustrations. Medium 8vo, qlbth. 

[Just Published, Nft l^h 

ELECTRICITY A3 APPLIED TO MINING, 

ByARNQLD LUPTON, M Inst.Q.E., M.I.M.E., M.T.E.E., lat^s Professor pf 
Cqal Mining at the Yorkshire College, Victoria University, Mining Engineer 
and Colliery Manager; G. D. Aspinall Parr, M.LE.E., A M-I M.E., 
Associate of the Central Technical College, City acd Guilds of Loncon, Head 
of the Electrical Engineering Dtpartment, Yorkshire College, Vic oria 
University ; and Hbsbis,rt Pbrkin, M.I.M E. Certificated Colliery Manager, 
Assistant Lecturer in the Mining Department of the Yorkshire College, 
Victoria University. With about 170 Illustrations. Medium 8vo, cloth. 

[fust Published. Net 9/- 

introductory. — dynamic electricity. — driving of the dynamo. — the 
Steam turbine.— distribution of Electrical Energy.— Starting and stopping 
electrical generators and motors.— electric cables.— central electrical 

plants.— ELECTRICITY APPLIED TO PUMPING AND HAULING.— ELECTRICITY APPLIED 

to coal-cutting.— typical electric plants recently erected. — electric 
lighting by arc and glow lamps— miscellaneous applications of electricity 
—electricity as compared wrfh other modes ok transmitting power — 
Dangrrs of Elfxtricity. 
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DYNAMO ELECTRIC MACHINERY: its CON5TRUC^ 

TION. DBSION, and OPERATION. 

By Samuel Shbldon, AM., Ph.D , Professor of Physic^ and Electrics! 
Engineeiinz at the Polytechnic Institute of Brooklyn, assisted by HosArF 
Mason, B S. 

IH two volumes, sold separately, as follows : — 
Vol. I.— DIRECT CURRENT MACHINES. Tnird Edition, Revised. Laije 
crown 8vo. 280 pag^s, with aoo Illustrations. 

[Just PubiisAed. Net 12^0 

V9I. II.— ALTERNATING CURRENT MACHINES. I-arge crown 8va Z 

pages, with 184 Illu<;trations. \Just Pnilished. Net\^Xi 

Desiofn«<l as Text-books for use in Technical Educational Institution^ ^d t}y EnfineeFS 

whose work Includes the handling of Direct and Altenu(ting Current Machines respectiv^, and 

for Students proficient in mathematics. 

ELECTRICAL AND MAQNETIC CALCULATIONS. 

For the Use of Electrical Engineers and Artisans, Teachers, Students, and all 
others interested in the Theory and Application of Electricity and Magnetism. 
Bv A. A. Atkinson, Professor of Electricity in Ohio University. Crown 8va 
olbth. \Just Published. Net 9 

" To teachers and those who already possess a fair knowledge of their sutyect we can recom- 
mend this book as beint; useful to consult when requirin{|r d.ita or formula which it is neither con- 
venient nor necessary to retain hy memory."— rA^ E:UctriciaH. 

HANDBOOK FOR THE USE OF ELECTRICIANS 

In the Operation and Care of Electrical Machinery and Appiratus of the U. S. 
Sea-coast Defences. By Geo. L. Anderson, A.M., Captain U. S. Artillery 
Prepared under the direction of the Lieatenant*General Conini-indiqg the 
Army, Royal 8 vo, cloth [Just Published. Net 21/0 

SUBMARINE TELEGRAPHS. 

Their History, Construction, and Working. Founded in part on WGnschbn. 
dorff's " Traits de T^l^graphie Sous-Marine," and Compiled from Anthorita* 
ti ve and Exclusive Sources. By Charles Bright, F. R. S. £. , A . M. I nst. C E. , 
M.I.E.E, 780 pp., fully Illustrated, including M^ps and Folding Plates. 
Royal 8vo, cloth. Net £3 Ss. 

<' There are few, if any, persons more fitted to write ■ tieatise on submarine telegraphy than 
Mr. Charles Brigrht. He has done his work admirably, and has written in a way which wiB 
appeal as much to the layman as to the eim^ineer. This admirable volume must, for many years to 
come, hold the position of the Engflish classic on submarine telegraphy. "—£iyiM«r. 

" This book is full of ipformation, It maizes a book of reference which should he in erei}- 
engineer's library." — Nature. 

" Mr. Bright's interestiiigrly written and admirably illustrated book wiU meet wldi a welcome 
reception from cable men."— £lectrician. 

" The author deals with his subject from all points of view— political and stntegical as wd as 
solentiiic. The work will be of interest, not only to men of science, but to the general pubBc. We 
can strongly recommend it."— A (/lenaum. 

THE ELECTRICAL ENGINEER'S POCKET-BOOK. 

Consisting of Modem Rules, Formulae, Tables, and Data. By H. R. Kemps, 
M.I.E.E., A.M.Inst.C.E., Technical Officer Postal Telegraphs, Author of 
"A Handbook of Electrical Testing," &c. Second Edition, thoroagbly 
Revised, with Additions. With numerous Illustrations. Royal s^mo, oblong, 
leather 5/0 

" It Is the best book of its kin±"—E/€ciHca/ Engineer. 

" The Electrical Engineer's Pocket-Book is ■ good ont."—EUctricitM. 

" Strongly recommended to those engaged in the electrical industries. "-<^/irciHla0/ Rndem. 

POWER TRANSMITTED BY ELECTRICITY. 

And applied by the Electric Motor, including Electric Railway Construction. 
By P. Atkinson, A.M., Ph.D. Third Edition, Fully Revised, and New 
Matter added. With 94 Illustrations. Crown 8vo, doth . . Net 9/0 

DYNAMIC ELECTRICITY AND MAGNETISM. 

By Philip Atkinson, A.M., Ph.D., Author of "Elements of Static 
Electricity, &c. Crown 8vo, 417 pp., with lao Illustrations, cloth , 10/6 
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THE MANAQEMENT OF DYNAMOS. 

A Handybook of Theory and Practice for the Use of Mechanics, Engineers, 

Students, and others in Charge of Dynamos. By G. W. Lummis-Paterson. 

Third Edition, Revised. Cro¥m 8vo, cloth. [Just Published. 4/6 

** An ezamide which deserves to be taken as a model by other authors. The subject is treated 

In a manner whicn any intelligent man who is fit to be entrusted with charge of an engine should 

be able to understand. It is a useful book to all who make, tend, or employ electric machinery." 

THE STANDARD ELECTRICAL DICTIONARY. 

A Popular Encyclopaedia of Words and Terms Used in the Practice of Electrical 

Engineering. Containing upwards of 3,000 definitions. By T. O'Conor 

Sloans, A.M., Ph.D. Third Edition, with Appendix. Crown 8vo, 690 pp., 

390 Illustrations, cloth, [Just Published. Net 7/6 

" The work has numy attractive features in it, and Is, beyond doubt, a well put together and 

useful puldication. The amount of ground covered may be gathered from the fact that in the index 

about 5,000 refisrences will be foiwd. — f/ee^rrea/ Review. 

ELECTRIC LIGHT FITTING. 

A Handbook for Working Electrical Engineers, embodying Practical Notes on 
Installation Management. By J. W. Urquhart, Electrician, Author of 
"Electric Light," &c. With numerous Illustrations. Third Edition, Revised. 

with Additions. Crown 8vo, cloth 6/0 

** This volume deals with the mechanics ot electric lighting, and is addressed to men who 
are already engaged in the work, or are training for it. The work traverses a great deal of ground, 
and may be raad as a sequel to the author's useful work on * Electric LAf^tiV'—EUctrician. 

*• The book is well worth the perusal of the workmtin, for whom it is vmnexi."— Elect rica I 
Review. 

ELECTRIC LIGHT. 

Its Production and Use, Embodying Plain Durections for the Treatment of 
Dynamo-Electric Machines, Batteries, Accumulators, and Electric Lamps. 
By J. W. Urquhart, C.E. Sixth Eklition, Enlarged. Crovm 8vo, cloth. 

7/6 

" The whole ground of electric lighting Is more or less covered and explained in a very clear 
and condse maaaer."—JSUctricai Review. 

"A vade-tmcum of the salient facts comiected with the science of electric Ughting."— 
Biedrician. 

DYNAMO CONSTRUCTION. 

A Practical Handbook for the Use of Engineer*Constructors and Electricians- 

in-Charge. Embracing Framework Building, Field Magnet and Armature 

Winding and Grouping, Compounding, &c By J. W. Urquhart. Second 

£diti(»i, Enlarged, with 114 Illustrations. Crown 8vo, cloth . . 7/6 

" Mr. Uniuhart's book is the first one which deals with these matters in such a way that the 

eoglnaeriiig stud«it can understand them. The book is very readable, and the author leads his 

reaieis up to difficult subjects by leaionably dmple tBS)ts."—Eneine€nngr Review. 

ELECTRIC SHIP-LIGHTING. 

A Handbook on the Practical Fittin£[ and Running of Ships' Electrical Plant. 
For the Use of Shipowners and Builders, Marine Electricians, and Seagoing 
Engineers-in-Charge. By J. W. Urquhart, C.E. Second Edition, Revised 
and Extended. With 88 Illustrations, Crown 8vc, doth . . 7/6 

"The subject of ship electric lifliting is one of vast importance, and Mr. Urquhart is to be 

Mghly complimented for placing such a Tauiable work at the service of marine electricians."— 77r<> 

Steamship. 

ELECTRIC LIGHTING (ELEMENTARY PRINCIPLES OF). 

By Alan A. Campbell Swinton, M.InstCE., M.I.E.E. Fourth Edition, 
Revised. With x6 Illustrations. Crown 8vo, cloth 1/6 

ELECTRIC LIGHT FOR COUNTRY HOUSES. 

A Practical Handbook on the Erection and Running of Small Installations, 
with Particulars of the Cost of Plant and Working. By J. H. Knight. 
Third Edition, Revised. Crown 8vo, wrapper. [Just Published. 1 /Q 

HOW TO MAKE A DYNAMO. 

A Practical Treatise for Amateurs. Cont^ning Illustrations and Detailed 
Instructions for Constructing a Small D3mamo to Produce the Electric Light. 
By Alprbd Crofts. Sixth Edition, Revised. Crown 8vo, cloth 2/0 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY. 

By H. M. NoAD, F.R.S. 650 pp., with 470 Illustrations. Crown 8vo, cloth. 

9/0 
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PRACTICAL BUILDING C0N5TRUCTI0N. 

A Handbook for Students Preparine /or Examinations, and a Book of 
Reference for Persons Engaged in Building;. By John Parnkll Allsk. 
Surveyor, Lecturer on Building Construction at tne Durham College d 
Science, Newcastle-on-Tyne. Third Edition, Revised and Enlarged. 
Medium 8vo, 450 pp., with z,ooo Illustrations, doth .... 7/6 
" The most complete exposition of baHding constructloa we have seen. It ffnmfafci* all tbJt is 

necessary to prepaie students for the various examinations In buUdbig coostructioa.'' — BtaldiMg 

ffews. 

" The author depends nearly as much on his diagrams as on his type. The pages suaot 

the hand of a man of experience In building operations— and the Tohmie most be iiili iiiiiii: to 

many teachers as well as to students."— 77k« Architect 

" The woric is sure to proTe a formidable riral to great and small competitors alike, and 

bids fair to take a permanent place as a favourite student's text-book. The large wnwit^r- of ilfas- 

tiations deserve particular mention fur the great merit they possess for purposes of lefBtcnce in 

exactly corresponding to convenient scales."— T'l'wrMa/f^M^ KeytU iMstUtOe e/BriitshArdtUid:. 

PRACTICAL MA30NRY. 

A Guide to the Art of Stone Cutting. Comprising the Construction, Setting 

Out, and Working of Stairs, Circular Work, Arches, Niches, Domes, Pendeo- 

tives, Vaults, Tracery Windows, &c. For the Use of Students, Masons, 

and other Workmen. By William R. Purchase, Building Inspector to the 

Borough of Hove. Third Edition, with Glossary of Terms. Ro3ral 8vo, 143 pp., 

with 53 Lithographic Plates, comprising 400 separate Diagrams, cloth . 7/6 

" Mr. Purchase's 'Practical Masonry ' wlU undoubtedly be found useful to all interested ia 

tliis important subject, whether theoretically or practically. Most of the examples given are frooi 

actual work carried out, the diagrams bein^r carefully drawn. The book is a practical treatise 00 

the subject, the author himself having commenced as an operative mason, and afterwards acted as 

foreman mason on many large andimportant buildings prior to the attainment of his present 

position. It should be found of general utility to architectural students and others, as well as to 

those to whom it is specially addressed."— T^wrKa/ ^Ou Royal InstitttU oj" British ArxkUeets. 



MODERN PLUMBING, 5TEAM AND HOT WATER 

HBATINO. 

A New Practical Work for the Plurabcr, the Heating Engineer, the Architect, 
and the Builder. By J. J. Lawler, Author of "American Sanitary Plumbing," 
&c. With 384 Illustrations and Folding Plates. 4to, cloth Net 21/- 

CONCRETE: ITS NATURE AND USES. 

A Book for Architects, Builders, Contractors, and Clerks of Works. By 
Gborgb L. Sutcliffb, A.R.I.B.A. 350 pp., with Illustrations. Crown 

8vo, cloth ....,.., 7/6 

" The author treats a difficult subject In a lucid manner. The manual fills a kmg^felt gap. 

It is careful and exhaustive ; equally useful as a student's guide and an architect's book of 

reference."— jMrHo/ o/the Royal Institute 0/ British ArcMitfcU. 

LOCKWOOD'S BUILDER'S PRICE BOOK for 190^. 

A Comprehensive Handbook of the Latest Prices and Data for Builders, 
Architects, Engineers, and Contractors. Re-copstructed, Re-written, and 
Greatly Enlarged. By Francis T. W. Millbr. 800 closely^printed pases, 
crown 8vo, cloth , , , . . . 4/Q 

" This book is a very useful one, and should find a place in every Eng l ish office conpeaed 
with the building and engmeerins iptoftssXons."— Industries. 

" An excellent book of reference. "-^rcMtet 



" In its new and revised form this Price Book is what a work of this Und should be ■ ■ compie- 
hensive, relUble, weU arranged, legible, and weU bound. '-^ArMfo* Arckiteet. 

DECORATIVE PART OF CIVIL ARCHITECTURE. 

By Sir William Chambers, F.R.S. With Portrait, Illustrations, Notes, and 
an Examination op Grecian Architbcturb, by Joseph Gwtlt, F S A 
Revised and Edited by W. H. LWEps. 6|5 Plates, 4to, cloth . 21/0 
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THE MECHANICS OP ARCHITECTURE. 

A Treatise on Applied Mechanics, especially Adapted to the Use of Architects. 
By E. W. Tarn, M.A., Author of ^ The Science of Building," &c. Second 
Edition, Enlarged. Illustrated with 135 Diagrams. Crown 8vo, cloth 7/6 
" The book is a very useful and helpful manual of architectural mechanics."— /7Mtf<&r. 

A HANDY BOOK OP VILLA ARCHITECTURE. 

Being a Series of Designs for Villa Residences in various Styles. With 

Outlme Specificaticms and Estimates. By C. Wickbs, Architect, Author of 

" The Spires and Towers of England," &c. 61 Plates, 4to, half-morocco, gilt 

edges £1 11«, 6d. 

" The whole of the designs bear evidence of their htAxig the work of an artistic architect, and 
they will prove very valuable and suggPSAv^"—BMileUM£' News. 

THE ARCHITECT'S GUIDE. 

Being a Text-hook of Useful Information for Architects, Engineers, Surveyors, 
Contractors, Clerks of Works, &c., &c. By F. Rogers. Crown 8vo, cloth. 

3/6 

ARCHITECTURAL PERSPECTIVE. 

The whole Course and Operations of the Draughtsman in Drawing a Large 
House in linear Perspective. Illustrated hy 43 Folding Plates. By F. O. 
Fbrguson. Third Edition. 8vo, hoards [Just Published. 3/6 

** It is the most intelligible of the treatises on this ill-treated subject that I have met with."— 
E. INGRESS BELL, ESQ., ui the R.LB.A. youmai. 

PRACTICAL RULE5 ON DRAWING. 

For the Operative Builder and Young Student in Architecture. By George 
PvNE. 14 Plates, 4to, hoards 7/6 

MEASURING AND VALUING ARTIFICERS' WORK 

S*he Student's Guide to the Practice oO; Containing Directions for taking 
imensions. Abstracting the same, and bringing the Quantities into Bill, with 
Tables of Constants for v aluation of Labour, and for the Calculation of Areas 
and Solidities. Originally edited by E. Dobson, Architect. With Additions 
by £. W. Tarn, M.A. Seventh Edition, Revised. With 8 Plates and 
63 Woodcuts. Crown 8vo, cloth 7/6 

" This edition will be found the most complete treatise on the principles of measuring and 
valuinsr artificers' woric that has yet been published."— J?M<A^&i!f' News. 

TECHNICAL GUIDE, MEASURER, AND ESTIMATOR. 

For Builders and Surveyors. Contidning Technical Directions for Measuring 

Work in all the Building Trades, Complete Specifications for Houses, Roads, 

* and Drains, and an Easy Method of Estimating the ports of a Building 

collectively. By A. C. Beaton. Ninth Edition. Wustcoat-pocket size, 

gilt edges 1/6 

" No builder, architect, surveyor, or valuer should be without his ' Beaton.'"— J?M/Aft*i|f News. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE. 

A Guide to the Architect, Engineer, Surveyor, and Builder. With im Essay 
on the Structure and Science of Modern Building Upon the Basis of the 
Work by Alfred Bartholomew, thoroughly Revised, Corrected, and greatly 
added to by Frederick Rogers, Architect. Third Edition, Revised. 8vo, 

cloth 16/0 

" The work is too well known to need any recommendation from us. It is one of the books 
with which every young architect must be equipped. "^^ncA^itot 

THE HOUSE-OWNER'S ESTIMATOR. 

Or, What will it Cost to Build. Alter, or Repair ? A Price Book for Un- 
professional People as well as the Arcnitectural Surveyor and Builder. By 
J. D. Simon. Edited by F. T. W. Miller, A.R.I.B.A. Fifth Edition. 

Carefully Revised. Crown 8vo, doth Net 8/6 

" In two srears it will repay its cost a hundred times ovtx."— Field 
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SANITATION AND WATER SUPPLY. 



THE HEALTH OPPICER'5 POCKET-BOOK. 

A Guide to Sanitary Practice and Law. For Medical Officers of Health. 
Sanitary Inspectors, Members of Sanitary Authorities, &c. By Edwaie 
F. WiLLOUGHBV, M.D. (Lond.), &c. Second Edition, Revised and Enbr^- 
Fcap. Bvo, leather. [Just Pudlisked. Net 106 

" It is a mine of condensed information of a pertinent and useful kind on the various subject 
of which it treats. The different subjects are succinctly but fully and scientifically dealt «ith. - 
The iMttcet. 

" We recommend all those ensraffed in practical sanitary work to furnish themselves with a 
copy for reference."— Sa»i/ary yournal. 

THE BACTERIAL PURIPICATION OP SEWAQE : 

Being a Practical Account of the Various Modem Biological Methods of 
Purifying Sewage. By Sidney Barwisr, M.D. (Lond.), D.P.H. (Camb.), 
etc. With zo Page Plates and a Folding Diagrams. Royal 8vo, cloth. 

Net 60 

THE PURIPICATION OP 5EWAQE. 

Being a Brief Account of the Scientific Principles of Sewage Pnrification, aod 
their Practical Application. By Sidnbv Barwisb, M.D. (Lond.), M.R.CS., 
D.P.H. (Camb.), Fellow of the Sanitary Institute. Medical Officer of Health 
to the Derbyshire County Council. Crown 8vo, cloth. .... 5/0 

WATER AND IT5 PURIPICATION. 

A Handbook for the Use of Local Authorities, Sanitary Officers, and othen 
interested in Water Supply. By S. Ridbal, D.Sc Lond., F.I.C. Second 
Edition. Revised, with Additions, including numerotis Illustrations and Tables. 
Large Ctoytn 8vo, cloth . Net 9/0 

RURAL WATER SUPPLY. 

A Practical Handbook on the Supply of Water and Construction of Water* 
works for Small Country Districts. By Allan Grbbnwbll, A.M.I.C.E., 
andW. T. Curry, A.Af.I.C.E. Revised Edition. Crown Svo, doth 6/0 

THE WATER SUPPLY OP CITIE5 AND TOWNS. 

By William Humbbr, A.M. Inst. C.E., and M.Inst. M.E. Imp. 4to, half- 
bound morocco. (See page zi.) Ar/ £6 Qt. 

THE WATER 5UPPLY OP T0WN5 AND THE CON- 
STRUCTION OF WATER-WORK5. • 

By Professor W. K. Burton, A.M. Inst. C.E. Second Edition, Revised 
and Extended. Royal Svo, cloth. (See page lo ) . . . j|$1 5s, 



A Practical Treatise on the Measurementi Storage, Conveyance, i^d^Utiltsa* 



WATER ENQINEERINQ. 

A Practical Treatise on the Me 

tion of Water for the Supply of Towns. By C. Slagg, A.M. Inst. CE. 7/6 

5ANITARY WORK IN SMALL TOWNS AND VILLAGES. 

By Charlbs Slagg, A. M. Inst. C.E. Crown Svo, cloth . . . S/Q 



PLUMBING. 

A Text-book to the Practice of the Art or Craft of the Plumber. By W. P. 
BuCHAN. Ninth Edition, Enlarged, with 500 Illustrations. Crown Svo, 8/6 

VENTILATION. 

A Text-book to the Practice of the Art of Ventilating Buildings. By W P 
BucHAN, R.P. Crown Svo, cloth ..,».... 3/^ 
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CARPENTRY, TIMBER, ETC. 



THE ELEMENTARY PRINCIPLES OP CARPENTRY. 

A Treatise on the Pressoie and Equilibrium of Timber Framing, the Resistance 
of Timber, and the Construction of Floors, Arches, Bridges, Roofs, Uniting 
Iron and Stone with Timber, &c. To which is added an Essay on the Nature 
and Properties of Timber, &c., with Descriptions of the kinds of Wood used 
in Buildmg ; also numerous Tables of the Scantlings of Timber for different 
purposes, the Specific Gravities of Materials, &c. By Thomas Trbdgold, C.E. 
Witn an Appendix of Specimens of Various Roofs of Iron and Stone, lUus- 
trat«l. Seventh Edition, throughly Revised and considerably Enlarged by 
£. WvNDHAM Tarn, M.A., Author of "The Science of Building," &c. 
With 61 Plat^ Portrait of the Author, and several Woodcuts. In One large 
Vol., 4to, cloth £1 Ss. 

'** Ought to be in every architect's and every builder's hhTaxy."~-Buiid€r. 

**A work whose monumental excellence must commend it wherever sidlful carpentry b 
Contended. The author's principles are rather confirmed than impaired by time. 'The adcUdonal 
plates are of great intrinsic ralue."—Buildift£ ^fews. 

WOODWORKING MACHINERY. 

Its Rise, Progress, and Construction. With Hints on the Manag^ement of Saw 
Mills and the Economical Conversion of Timber. Illustrated with Examples 
of Recent Designs by leading English, French, and American Engineers. By 
M. Powis Balb, A.M.Inst.C.£., M.I.M.E. Second Edition, Revised, 
with large Additions, large crown 8vo, 440 pp., cloth .... 9/0 

" Mr. Bale is evidently an expert on the subject, and he has collected so much information 
that his book is all-suificient for builders and others engaged in the conversion of timber."— ^rcA«iSf£/. 

" The most comprehensive compendium of wood-working machinery we have seen. ThB 
author is a thorough master of his subject "-^m<£iMm^ Ainvj. 

SAW MILLS. 

Their Arrangement and Management^ and the Economical Conversion of 
Timber. By M. Powis Bale, A.M.Inst.C.E. Second Edition, Revised. 
Crown 8vo, cloth 1 0/6 

** The odfniHistnMoH of a large sawing estabUshment is discussed, and the subject examined 
rom a financial standpoint. Hence the size, shape, order, and disposition of saw milb and the like 
are gone into in detail, and the course of the timber is traced from its reception to its delivery in its 
converted state. We could not desire a more complete or practical treatise."— i9«fs/aE«r. 

THE CARPENTER'S GUIDE. 

Or, Book of Lines for Carpenters ; comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the late Peter 
Nicholson's standard work. A New EkUtion, Revised by Arthur Ashpitbl, 
F.S.A. Together with Practical Rules on Drawing, by George Pvne. 
With 74 Plates, 4to, cloth £1 1 s* 

A PRACTICAL TREATISE ON HANDRAILINQ. 

Showing New and Simple Methods for Finding the Pitch of the Plank, Drawing 
the Moulds, Bevelling, Join ting-up,^ and Squaring the Wreath. By George 
CoLLiNGS. Second Edition, Revised and Enlarged^ to which is added 
A Treatise on Stair-building. With Plates and Diagrams, zsmo, cloth. 

2/6 

" Will be found of practical utility in the execution of this difficult branch of Joinery."— ^Ms/iirr. 
" Almost every difficult phase of this somewhat intricate branch of Joinery is elucidated by 
Ibe aid of plates and explanatory lttterpnss."-^Furftiiure GaMtUe, 

CIRCULAR WORK IN CARPENTRY AND JOINERY. 

A Practical Treatise on Circular Work of Single and Double Curvatture. By 
Gborgb Collings. With Diagrams. Third Edition, zamo, cloth . 2/6 

" An excellent example of what a book of this Idnd should be. Cheap in price, dear in 

tiefinition, and practical in tne examples selected."— £m»/<^. 

THE CABINET-MAKER'5 GUIDE TO THE ENTIRE 

CONSTRUCTION OP CABINET WORK. 

By Richard Bitmbad. Illustrated with Plans, Sections and Working 
Drawings. Crown 8vo, cloth 5*'^ 
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HANDRAIUNQ COMPLBTB IN EIGHT LESSONS. 

On the Sfjaare-Coc Syttoa. By J. S. Golxtthorp, Teacher of Geox.r-. 
and Buildiog Coostruction at the mJifiur Medianics' Institute. With 'Ejg'r, 
PlaiM aad OTor 150 Practical Ezerdies. 4to, doth .36 

" Likrijr to be otf c omidenrtjii vahie to joiaMS rad othen who take a pclda in cood 

The amnyeaient of the book h e a ce Pa n L We hcaitfij coounead It to teaclMta and 



TIMBER MERCHANTS and BUILDER'S COMPANION. 

Containing New and Copkxu Tables of the Reduced Weisht and M easmt- 

ment of Deals and Battens, of all sises, and other Useful Tafiles for the u^: ;: 

Timber Merchants and Builders. By William Dowsing. Fourth Edicki:. 

Revised and Corrected. Crown 8vo, doth 30 

"We are glad to see a fouitb edition of these adminble tables, which for coRectaess a=.' 
simplicity of axrangement leaTO nothiag to be deataed." — Tit mk t r Trmdes ymtmmL 

THE PRACTICAL TIMBER MERCHANT. 

Being a Guide for the Use of Building Contractors, Surveyors, Builders, &c. 
comprising useful Tables for all purposes connected with the Timber Trade. 
Marks of Wood, Essay on the Strength of Timber, Remarks on the Grovtfa d 
Timber, &c. By W. Richardson. Second Edition. Fcap. 8vo, doth . 3, 6 
" Ihis handy manual contains much Talnabie faifomation for the use of H«wb^T meschiais, 
builders, foresters, and all others connected with the growth, sale, and manu&ctnce of ttnbeL'- 

PACKINQ-CASE TABLES. 

Showing the number of Superficial Feet in Boxes or Packings-Cases, finom six 
inches square and upwards. By W. Richardson, Timber Broker. Third 
Edition. Oblong 410, doth 3;5 

" Invaluable labour-saTing tiAAii&."—Ir9nm»ng*r. 

" Will save much labour and calculation." — Grocer. 

GUIDE TO SUPERFICIAL MEASUREMENT. 

Tables calculated from i to 900 inches in length b^ z to 108 inches in breadth. 
For the use of Architects, Surveyorsj Engmeers, Timber Merchants, 
Builders, &c. By Jambs Hawkimgs. Fifth Edition. Fcap., cloth. 3/6 

" These tables will be found of great assistance to all who require to main calculatioas 

superficial measurement."— /s'/iiT^iM Mtchanic. 

PRACTICAL FORESTRY. 

And its Bearing on the Improvement of E^states. By Chari.ks S. Curtis, 
F.S.I., Professor of Forestry, Fidd Engineermg, and General Estite 
Management, at the College of Agriculture, Downton. Sea>nd Editioo, 
Revised. Crown 8vo, doth 3/6 

Prefatory Remarks. — Objects of planting. — Choicb of a Forester. - 
Choice of Soil and site.— Laying Out of Land for plantations.— Preparation 
OF the Ground for planting.— drainage.— planting.— Distances and Distri- 
bution OF Trees in plantations.— Trees and Ground Game.- Attention after 
planting.— thinning of plantations. — pruning of forest trees.— realization. 
—Methods of sale.- measurement of Timber.— Measurement and Valuation 
OF Larch plantation.— Fire Lines.— Cost of Planting. 

" Mr. Curtis has in the course of a series of short pithy chapters afforded much Infonna' 
tion of a useful and practical character on the planting and subsequent treatment of trees.'— 
Illusiruted Carpenter and Builder. 

THE ELEMENTS OF FORESTRY. 

Designed to afford Information concerning; the Planting and Care of Forest 
Trees for Ornament or Profit, with suggestions upon the Creation and Care of 
Woodlands. By F. B. Hough. Large crown 8vo, cloth . 1 Q/O 

TIMBER IMPORTER'S, TIMBER MERCHANTS, AND 

BUILDBR'S STANDARD QUIDB. 

By Richard E. Grandv. Comprising: — ^An Analysis of Deal Standards, 

Home and Foreign, with Comparative Values and Tabular Arrangemmts for 

fixing Net Landed Cost on Baltic and North American Deals, including all 

intermediate Expenses, Frei^^ht, Insurance, &c ; together with copious Inibrma- 

ti<m for the Retailer and Builder. Third Edition, Revised, xnno, doth 2/0 

•• Itverythingr it pretends to be : built up ^adually. it leads one from a forest to a treenail an<t 

throws in, as a makeweisht, a host of material concenune bricks, columns, cisterns, &c"-^Bt^Iiih 

Mechanic. ^' 
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DECORATIVE ARTS, ETC. 



3CHOOL OP PAINTING POR THE IMITATION OP 

WOODS AND MARBLB8. 

As Taught and Practised by A. R. Van dbr Burg and P. Van dbr Burg, 
Directors of the Rotterdam Painting Institution. Royal folio, zS^ by xa^ in.. 
Illustrated with 34 full*size Coloured Plates ; also is plain Plates, comi»:ising 
154 Figures. Fourth Edition , cloth . \Just Published. Net ^\ Ss. 

List of Platss, 
z. Various tools Rbquirbd for wood painting.-^, 3. Walnut: Preliminary 

STACKS OP GRAINING AND FINISHED SPECIMEN. — 4. TOOLS USED FOR MARBLE 
PAINTING AND METHOD OF MANIPULATION.— 5, 6. ST. REMI MARBLBj EARLIER 
OPBRATIONS AND FINISHED SPECIMEN. — 7. METHODS OP SKETCHING DIFFERENT 
GltAINS, KNOTS. &C.— 8, > ASH: PRELIMINARY STAGES AND FINISHED SPECI* 
MBN. — SO. METHODS OP SKETCHING MARBLE GRAINS; — ZZ, Z9. BRECHE MARBLE ; 
PRSLIMINARY STAGES OF WORKING AND FINISHED SPECIMEN.— za. MAPLE ; METHODS 
OF PRODUCING THE DIFFERENT GRAINS.— Z44 Z5. BIRD'S-EYE MAPLE; PRELIMINARY 
STAGES AND FINISHED SPECIMEN.— z6. METHODS OF SKETCHING THE DIFFERENT 
SPECIES OF WHITE MARBLE.— Z7. z8. WHITE MARBLE ; PRELIMINARY STAGES OF 
PROCESS AND FINISHED SPECIMEN.— zg. MAHOGANY; SPECIMENS OF VARIOUS GRAINS 
AND METHODS OF MANIPULATION.— ao, 9Z. MAHOGANY ; EARLIER STAGES AND 
FINISHED SPECIMEN.— aa, 93, ^4. SIENNA MARBLE; VARIETIES OF GRAIN, PRELIMINARY 
STAGES AND FINISHED SPBCIMBN.-45, a6, 37. JUNIPER WOOD; METHODS OF PRO- 
DUCING GRAIN, &C. ; PRELIMINARY STAGES AND FINISHED SPECIMEN.— 38, ao. 30. VBRT 
DB MER MARBLE; VARIETIES OF GRAIN AND METHODS OF WORKING, UNFINISHED 

AND Finished Specimens.— sz, 33. 33. Oak ; Varieties of Grain, Tools Employed 

AND METHODS OF MANIPULATION, PRELIMINARY STAGES AND FINISHED SPECIMEN.- 

34. 3S. 96. Waulsort Marble; Varieties of Grain, Unfinished and finished 

SPECIMENS. 

** Those who desire to attahi skill in the art of painting woods and marbles will find advantage 
In consulting this book. . . . Some of the Workmg Men's Qubs should give their young men 
the opportunity to study iL''—Bu»Uer. 

"A comprehensive guide to the art The explanations of the processes, the manipulation 
and management of the colouzs, and the beautifully executed plates will not be the least valuable to 
the student who aims at making his work a faithful transcript of xiaXxxn."~-Btiil(iiM£ Nrws. 

" Students and novices ase fortunate who are able to become the possessors of so noble a 
work."— 7?h< ArcMut, 

ELEMENTARY DECORATION. 

A Guide to the Simpler Forms of Everyday Art. Together with PRACTICAL 
HOUSE DECORATION. By Jambs W. Facby. With numerous Illus- 
trations. In One Vol., strongly half-bound 5/O 

H0U5E PAINTING, QRAININQ, MARBLING, AND 

SIGN WRITING. 

A Practical Manual of. By Ellis A. Davidson. Eighth Edition. With 

Coloured Plates and Wood Engravings. Crown Svo, cloth . . . 6/0 

"A mass of information of use to the amateur and of value to the practical man."— i^M^AxA 
Meciianic, 

THE DECORATOR'5 A55I5TANT. 

A Modem Guide for Decorative Artists and Amateurs, Painters, Writers, 
Gilders, &c Containing upwards of 600 Receipts, Rules, and Instructions ; 
with a variety (^ Informaticm for General Work connected with every Class of 
Interior and Exterior Decorations, &c Seventh Edition. Cr. Svo . 1 /O 

" Full of receipts of value to decorators, painters, gilders, &c The book contains the gist of 
lai^r treatises on colour and technical processes. It would be difficult to meet with a work so full 
of varied information on the painter's *n."—Bu*leliH£ Ntws. 

MARBLE DECORATION 

And the Terminology of British and Foreign Marbles. A Handbook for 
Students. By Gborgb H. Blagrove, Author of " Shoring and its Applica- 
tion," &C. with 38 Illustrations. Crown Svo, cloth .... 3/6 

"This most useftil aiul much wanted handbook siumld be in the bands of evenr aichltect and 

hixMetr-Buildifv H'orid. 

" A carefully and usefully written treatise } tl.e work is essentially practical."— sSctf/mMW. 
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DELAMOTTE 8 WORKS ON ILLUMINATION AND 

ALPHABETS. 

ORNAMENTAL ALPHABETS, ANCIENT & MEDLCVAL 

From the Eighth Century, with Nomends; indading Gothic, Chmdi-Tm 
htfge and snuUl, German. Italian. Arabesque, laftials for Tll««»«tMit;(» 
Monograms, Crosses. &c, &c, for the use of Architectural and Endnesiis 
Draughtsmen, Missal Painters, Masons, Decorative Painters, Uthoaapbe:& 
Engravers, Carvers, &c Collected and Engraved by F. DBx-AMarTaTnc 
printed in Colours. New and Cheaper Edition. Royal Svo. oblooe 

ornamental boards ' . . 26 

" For those who toiert enamdled tentences round gflded chaUces. who bfauon Aoo kgt^ 
'*I3Li^®**^J5S!LI " ''*^ "*"* ^'^^ sentences from the DocaloguJ^, book^bt 

MODERN ALPHABETS, PLAIN AND ORNAMENTAL 

Including German, Old English, Saxon, Italic, Perspective, Greek. Hebrew. 

Court Hand, Enpossmg, Tuscan, Riband, Gothic, Rustic, andArabesqw; 

with several Original Designs, and an Analysis of the Roman and OldEneiish 

Alphabets, hu-ge and small^ and Numerals, for the use of Drauehtsmea 

Surveyors, Masons, DecoraUve Painters, Lithographers, Eneraveis/Camn. 

&c Collected and Engraved by F. Dklamottb, and printed in Colom 

New and Cheiq)er Edition. Royal 8vo, oblong, ornamental boards . 2'6 

"There U comprised in it every possible shape into which the letters of the alnliibet ad 

numerals can be formed, and the talent which has been expended in the conception oTdie^ioBS 

plain and ornamental letters is wonderful "— Standard. i~«" *« uw mi»j» 

MEDIiCVAL ALPHABETS AND INITIALS. 

By F. G. Delamottb. Containing 2x Plates and Illuminated Title, printed 
in Gold and Colours. With an Introduction by J. Willis Bkoqics. Fiftt 
Edition. Small 4to, ornamental boards jy^/ c/q 

"A volume in which the letters of the alphabet come forth glorified in sUdfaiff^ ana aOtfac 
colours of the prism interwove n and intertwined and inteimingled."— ^«i». * ^^ 

A PRIMER OF THE ART OF ILLUMINATION. 

For the Use of Beginners ; with a Rudimentary Treatise on the Art Practica! 
Directions for its Exercise, and Examples taken from Illuminated MSS 
printed in Gold and Colours. By F. Delamottb. New and Cheapa 
Edition. Small 4to, ornamental boards ^b^ 

" The examples of ancient MSS. reopmmended to the student, which, with much enod sase. 
the author chooses from collections accessible to all, are selected with Judsment and knowbiHmK 
wen as taste. "—AtfutunttH. »»iww»ag« • 

THE EMBROIDERER'S BOOK OF DESIGN. 

Containing Initials^ Emblems, Cyphers, Monograms, Ornamental Borders, 
Ecclesiastical Devices, Medieval and Modern Alphabets, and Nationai 
Emblems. Collected by F. Delamottb, and printed in Colours. Obloitf 

royal 8vo, ornamental wrapper j^gf 2,0 

"The book will be of great assistance to ladies and young children who are endowed wM> 
the art of plying the needle in this most ornamental and usefm pretty woric "—East ji n^jftn Times. 



WOOD-CARVING FOR AMATEUR5. 

With Hints on Design. By A Lady. With xo Plates. New and Cheaper 

Edition. Crown 8vo, in emblematic wrapper 2/0 

" The handicraft of the wood-carver, so well as a book can impart It, may be leant ftom ' A 
Lady's ' publication."— ^iA«mr»m. 

PAINTING POPULARLY EXPLAINED. 

By Thomas John Gullick, Painter, and John Timbs, F.S.A. Inclodinc 
Fresco, OiL Mosaic, Water-Colour, Water*Glass, Tempera, Rw^^^jr 
Miniature, Painting on Ivory, Vellum, Pottery, Enamel, Glass, &c Fifth 
Edition. Crown 8vo, cloth c/|) 

*«* AdopUd as a PHm Book at South KMsington, 

•' Much may be learned, even by those who fancy they do not require to be tau^hf from ik» 
rar*ful perusal of this unpretendmg but comprehensive treatise."'- A ti^Toumait • "^^ "''™ "** 
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HANDBOOK OF MECHANICS. 

By Dr. Lardnbr. Enlarged and re-written by Benjamin Loewy, F.R.A.S. 

378 Illustrations. Post 8vo, cloth 6/0 

" The perspicuity of the original has been retained, and chapters which had become obsolete 
bave been replaced by others of more modem character. The explanations througfbout are 
studiously popular, and care has been taken to show the application of the various branches of 
physics to the industrial arts, and to the practical business of life." — Mining' youmal. 

HANDBOOK OF HYDROSTATICS AND PNEUMATICS. 

By Dr. Lardner. New Edition, Revised and Enlarged by Benjamin Loewv. 
F.R.A.S. With 236 Illustrations. Post Bvo, cloth . ... 6/0 

"For those 'who desire to attain an accurate knowledge of physical science without the 
profound methods of mathematical investigation,' this work is well adapted." — Ountical News. 

HANDBOOK OF HEAT. 

By Dr. Lardner. Edited and re-written by Benjamin Loewy, F. R. A.S., &c. 

1x7 Illustrations. Post Bvo, cloth 6/0 

" The stvle is always clear and precise, and convejrs instruction without leaving any cloudiness 
or lurking doubts behinci." — Engineering. 

HANDBOOK OF OPTICS. 

By Dr. Lardner. New Edition. Edited by T. Olver Harding, B. A. Lond. 

With 398 Illustrations. Small 8vo, 448 pp., cloth ff/O 

* * Written by one of the ablest English scientific writers, beautifully and el aborately illustrated. 
-—Mechanics' Maga»ine, 

ELECTRICITY, MAQNETISM, AND ACOUSTICS. 

By Dr. Lardner. Edited bv Geo. Carey Foster, B.A., F.C.S. With 

400 Illustrations. Small Bvo, cloth 5/0 

" The book could not have been entrusted to any one better calculated to preserve the terse 
and lucid style oi Lardner, while correcting his errors and bringing up his work to the present 
state of scientific knowledge."— P^^MAir Science Review. 

HANDBOOK OF ASTRONOMY. 

By Dr. Lardner. Fourth Edition. Revised and Edited by Edwin Dunkin, 
F.R.A.S., Royal Observatory, Greenwich. With 38 Plates and upwards of 
100 Woodcuts. Bvo, cloth 9/B 

" Probably no other book contains the same amount of information in so compendious and 
well arrahged a form— certainly none at the price at which this is offered to the public." --^ A tkenaum 

" We can do no other than pronounce this work a most valuable manual of astronomy, and 
we strongly recommend it to all who wish to acquire a general — but at the same time correct- 
acquaintance with this sublime science." — QuarUrty yournat 0/ Science. 

MUSEUM OF SCIENCE AND ART. 

Edited by Dr. Lardner. With upwards of 1,200 Engravings on Wood. In 
Six Double Volumes, £1 Is. in a new and elegant cloth binding; or hand- 
somely bound in half-morocco £1 Us. 6d. 

" a cheap and interesting publication, alike informing and attractive. The papers combine 

subjects of importance and great scientific knowledge, considerable mductive powers, and a popular 

St y le of treatment. " — Spectator. 

Separate books formed from the above. 



Common Thinffs Explained. 5s. 
The Microscope. 25. cloth. 
Popular Qeologry. zs. 6d. cloth. 
Popular Physics. 25. 6d. cloth. 



Steam and its Uses. 25. cloth. 
Popular Astronomy. 45. 6cl. cloth. 
The Bee and White Ants. 25. cloth. 
The Electric Telegraph, is. 6d. 



N.\TURAL PHILOSOPHY FOR SCHOOLS. 

By Dr. Lardner. Fcap. 8vo 3/6 

" A very convenient class book for junior students in private schools."^British Quarterly 
Review. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. 

By Dr. Lardner. Fcap. 8vo 3/6 

"Clearly written, well arranged, and excellently illustrated,"— Gartt^ner'j Chronicle, 

THE ELECTRIC TELEGRAPH. 

By Dr. Lardner. Revised by E. B. Bright, F.R.A.S. Fcap. 8vo. . 2/6 
" One of the most readable books extant on the Electric Telegraph."— f»^/«jA Mechanic 

L. f 
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CHEMICAL MANUFACTURES, 
CHEMISTRY, &c. 



THE QA5 ENQINEER'S POCKET-BOOK. 

Comprising Tables, Notes and Memoranda relating to the Manu&acrt, 
Distribution and Use of Coal Gas and the Construction of Gas Works. By 
H. O'Connor, A.M.InstX.E. Second Edition, Revised. 470 pp .crown 3vc, 
fully Illustrated, leather. \Just PMbitsked, 106 

"The VM><)k contains a vast amount of information. The author eoes consecutively thro^ 
the entfincfniijj details and practical methods involved in each of the different processes or para 
of a i; as- works, ile has certainly succeeded in making a compilation of hard mattefs of £ict 
absolutely interpMinjf to read." — itos IVorld. 

" A useful work of reference for the gAs engineer and aU interested in ligfhtinjf or heating br 
ga«>. while the an.il>sfs of the various descnptions of gas will be of value to the technical chen^ 
All matter in any way connected with the manufacture and use of gas is dealt with. The book Jib 
evidently been carefully compiled, and certainly constitutes a useful addition to gas literature."— 

" The volume contains a great quantity of specialised informadon, comirflcd, w«« believe, froo 
tnistworthv sources, which should make it of considerable value to those for whom it is speciftca.'!y 
produced. ' — EHjftnter. 

LIOHTINQ BY ACETYLENE 

Generators, Burners, and Electric Furnaces. By William £. Gibbs, M.£. 
>Vith 66 Illustrations. Crown 8 vo, cloth. [Just PvtblisfutL 7/6 

ENOINEERINO CHEMISTRY. 

A Practical Treatise for the Use of Analytical Chemists, Engineers, Iron 

Masters. Iron Founders, Students and others. Comprisinp; Methods of Analysis 

and Valuation of the Principal Materials used in Engineering Work, with 

Analyses, Examples and Suggestions. By H. J. Philups, F.I.C, F.CS. 

Third Edition, Revised and Enlarged. Crown 8vo, 420 pp., with P ates and 

other Illustrations, cloth. \. Just Published. iVr/ 10/6 

" In this work the author has rendered no small service to a numerous body of practical 

Dit-n. . . . The analytical methods may be pronounced most satisfactory, being as accurate as the 

de!>patch required of engineering chemists permits."— CA^ynioi/ News. 

" FuU of good things. As a handbook of technical analysis, it is verv welcoine."^^«AU!rr. 
" The analytical methods given are, as a whole, such as are likeqr to give rapid and trust- 
worthy results in experienced hands. . . . There is much excellent descriptive matter in the work, 
the chapter on ' Oils and I^ubrication being specially noticeable in this respect."— ^y^^MMcr. 

N I TRO- EXPLOSIVES, 

A Practical Treatise concerning the Properties, Manufacture, and Analysis 
of Nitrated Substances, including the Fulminates, Smokeless Powders, and 
Celluloid. By P. G. Sanford, F. I. C, Consulting Chemist to the Cotton Powder 
Company, &c. With Illustrations. Crown Bvo, cloth. [JuU Published, 9/0 

" Any one having the requisite apparatus and materials could make nitro-glycerine or gun- 
cotton, to say nothing of other explosives, by the aid of the instructions in this volume. This is 
one of the very few text-books in which can be found Just what is wanted. Mr. Sanford goes 
through the whole list of explosives commonly used, names any given explosive, and tells us of what 
it is composed and how it is manufactured. The book is excellent throughout." — Engineer. 

A HANDBOOK ON MODERN EXPLOSIVES. 

A Practical Treatise on the Manufacture and Use of Dynamite, Gun-Cotton, 

Nitro-Glycerine and other Explosive Compounds, incliiding Collodion-Cotton. 

With Chapters on Explosives in Practical Application. By M. Eisslkr, 

Mining Engineer and Metallurgical Chenust. Second Edition, Enlarged. 

With 150 Illustrations. Crown 8vo, cloth. [Just Published. 12/6 

" Useful not only to the miner, but also to officers of both services to whom blasting and the 
UMi of explosives generally may at any time become a necessary auxiliary."— iVo/wnc. 

DANGEROUS GOODS. 

Their Sources and Properties, Modes of Storage and Transport. With Notes 
and Comments on Accidents arising therefrom, together with the Government 
and Railway Classifications, Acts of Parliament, &c. A Guide for the Use of 
Government and Railway OfBcials, Steamship Owners, Insurance Companies 
and Manufacturers, and Users of Explosives and Dangerotis Goods. By 
H. Joshua Phillips. F.I.C. F.CS. Crown 8vo, 374 pp.. doth . . QyQ 
" Merits a wide circuladoo, and an intelligent, appreciative Stady,"— Chemical News. 
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A. MANUAL OF THE ALKALI TRADE. 

Indading the Manufacture of Sulphuric Add, Sulphate of Soda, and Bleaching 
Powder. By John Lomas, Alkali Manufacturer, Newcastle-upon-Tyne and 
London. ^90 pp. of Text. With 332 Illustrations and Working Drawings, 
Second Edition, with Additions. Super-royal 8vo, cloth . £1 1 Qt. 

** This book is written by a manufacturer for manufacturers. The working' details of the most 
approved forms of apparatus are given, and these are accompanied by no less than 333 wood 
engravings, aU of which may be used for the purposes of construction. Eveiy step in the manu- 
facture is very fully described in this manual, and each improvement explained. — Athetutum. 

" We and not merely a sound and luminous explanation of the chemical principles of the 
trade, but a notice of numerous matters which have a most important bearing on the successful 
conduct of alkali works, but which are generally overlooked l^ even experienced technological 
authors. "—C>k<mA»/ JUview, 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, AND 

OBOLOOY. 

Containing all known Methods of Anhydrous Analysis, many Waking 
Examples, and Instructions for Making Apparatus. By Lieut. -Colonel W. A. 
Ross, R.A., F.G.S. With xao Illustrations. Second Edition, Enlarged. 
Crown 8vo, cloth 5/0 

" The student who goes conscientiously through the course of experimentation here laid down 
will gain a better insight into inorganic chenustrytand mineralogy than if he had * got up ' any of the 
best text-books of the day, and passed any number of examinations in their contents. — Chemical 
News. 

THE MANUAL OP COLOURS AND DYE-WARE5. 

Their Properties, Applications, Valuations, Impurities and Sophistications. 
For the Use of Dyers, Printers, Drysalters, Brokers, &c. By J. W. Slater. 
Second Edition, Revised and greatly Enlarged. Crown 8vo, cloth 7/6 

" A complete encyclopaedia of the nuUeria Hnctoria. The information ^ven respecting each 
article is fiill and precise, and the methods of determining the value of articles such as these, so 
Hable to sophistication, are given with clearness, and are practical as well as valuable."— CA«»ni.r^ 
and Druffist. 

" There is no other work which covers precisely the same ground. To students preparing 
for examinadons in dyeing and printing it will prove exceedingly useful "—CAcmico/ News. 

A HANDY BOOK FOR BREWER5. 

Being a Practical Guide to the Art of Brewing and Malting. Embracing the 

Conclusions of Modem Research which bear upon the Practice of Brewing. 

By Herbert Edwards Wright, M.A. Second Edition, Enlarged. Crown 

8vo, 530 pp., cloth. [/ms< Published. 1 2/6 

" May be consulted with advantage by the student who is preparing himself for examinational 

tests, whOe the scientific brewer will find in it a rdrum/ of all the most important discoveries of 

modem times. The work is written throughout in a clear and concise manner, and the author 

ukes great care to disciimtnate between vague theones and well-established facts."— Brewers' 

youmal. 

" We have great pleasure in recommending this bandy book, and have no hesitation In saying 
that it is one of the best— if not the best— which has yet been written on the subject of beer-brewing 
in this country ; it should have a place on the shelves of every brewer's U.hnxy."'-Brewers' 
Guardian. 

"Although the requirements of the student are primarily considered, an acquaintance of half- 
an-hour's duration cannot fail to impress the practical brewer with the sense of having found a 
trustworthy guide and practical counsellor in brewery matters."— CA«i»m»/ Trade yourruU. 

FUEL5: SOLID, LIQUID, AND OA5EOU5. 

Their Analysis and Valuation. For the Use of Chemists and Engineers. By 

H. J. Phillips, F.C.S., formerly Analytical and Consulting Chemist to the 

G.E. Riwy. Third Edition, Revised and Enlarged. Crown 8vo, cloth 2/0 

" Ought to have its place in the laboratory of every metalluigical establishment and wherever 

fuel is ttsea on a large scam. "—Ckemicat Nem s. 

THE ARTISTS' MANUAL OF PIGMENTS. 

Showing tbeir Conipositiun, Conditions of Permanency, N on •Permanency, and 
Adulterations ', Effects in Combination with Each Otber and with Vehicles ; 
and the most Reliable Tests of Purity. By H. C. Standag». Cro>ivn 8vo. 2/6 

" This work is indeed multum-tn-parvo, and we can, with good conscience, recommend it to 
all who coDie in contact with pigments, whether as makers, dealers, or users." — Chetnical Reviev. 

C 2 
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A POCKET-BOOK OP MEN5URATI0N AND QAUQING. 

Containing Tables. Rules, and Memoranda for Revenue Officers, Breven. 
Spirit Merchants. &c. By J. B. Mant, Inland Revenue. Second Editix. 
Revised. xSmo, leather . . 40 

** This handy and useful book is adapted to the requirements of the Inland Revenue Depait 
■lent, and will be a favourite book of reference."— Ctfv^AaM. 

" Should be in the hands of every practical brewer."— ffvwrrx' youm^I. 



INDUSTRIAL ARTS, vTRADKS, AND 

MANUFACTURES. 

TEA MACHINERY AND TEA FACTORIES. 

A Descriptive Treatise on the Mechanical Appliances required in the 

Cultivation of the Tea Plant and the Preparation of Tea for the Market. By 

A. J. Wallis-Tavler, A. M. Inst. C.E. Medium 8vo, 468 pp. With 21S 

Illustrations. Uusi Published, Het 26 

Summary of Contents : — Mechanical Cultivation or Tillage of thf 

SOIL.— Plucking or Gathering the i.eaf.— Tea Factories. — The dressin . 

Manufaciure, or preparation of Tea by Mechanical Means.— Artificial 

Withering of the I-eaf.— Machines for Rolling or curling the Leaf- 

Fermenting process.— Machines for the automatic Drying or Firing of the 

l.HAF.— Machines for Non-automatic Drying or Firing of the Leaf — drvino 

OR Firing Machines.— Breaking or cuiting, and sorting Machines.— Packix. 

THE Tea.— means of Transport on tea Plantations.— Miscellaneous Machinery 

AND APPARATUS.— Final Treatment of the Tea.— Tables and Memoranda. 

" The subject of tea machinery is now one of the first interest to a larg'e class of people, to 
whom we strongly coniniend the volume."— CAa»»*rr qfCcmnierce yournal, 

" When tea planting^ was first introduced into the British possessions little, if any. machinery 
was employed, but now its use is almost universal. This volume contains a very full account of the 
machinery necessary for the proper outfit of a factory, and also a description of the processes best 
carried out by this machinery."— youmai Society o/Arts. 

FLOUR MANUFACTURE. 

A Treatise on Milline Science and Practice. By Friedrich Kick, Imperial 
Regierungsrath, Professor of Mechanical Technology in the Imperial German 
Polytechnic Institute, Prague. Translated from the Second £nlarged and 
Revised Edition with Supplement. By H. H. P. Powlrs, Assoc. Memb. 
Institution of Civil Engineers. Nearly 400 pp. Illustrated with 28 Folding 
Plates, and 167 Woodcuts. Royal 8vo, cloth £-1 5,, 

"This valuable worlc is, and will remain, the standard authority on the science of milluig. . . . 
The miller who has read and digested this work will have laid the foundation, so to speak, of a 
successful career ; he will have acquired a number of general principles which he can proceed to 
apply. In this handsome volume we at last have the accepted text-book of modem miUins in good. 
sound English, which has little, if any, trace of the German idiom."— 7'A< Miller. 

COTTON MANUFACTURE. 

A Manual of Practical Instruction of the Processes of Opening, Carding. 
Combing, Drawing, Doubling and Spinning of Cotton, the Methods of 
Dyeing, &c. For the Use of Operatives Overlookers, and Manufacturers. 
By John Lister, Technical Instructor, Pendleton. 8vo, cloth . 7/Q 

" A distinct advance in the literature of cotton manufacture."— A/acAtnrry. 

" It Is thoroughly reliable, fulfilling nearly all the requirements desired." — Glasjfvw Herald. 

MODERN CYCLE5. 

A Practical Handbook on their Construction and Repair. By A. j. Wallis- 
Taylkr, a. M. Inst. C. E. Author of " Refrigerating Machinery," &c. With 
upwards of 300 Illustrations. Crown 8vo, cloth. [Just Publishtd. '\ 0/6 

" The large trade that is done in the component parts of bicycles has placed in the way of 
men mechanicaUy inclined extraordinary facilities for building bicycles for their own use. . . . The 
book will prove a valuable guide for all those who aspire to the manufacture or repair of their own 
machines. —TA* Field. 

"A most comprehenslTe and up-to-date treatise." — The Cycle. 

" A very useful book, which is quite entitled to rank as a standard work for students of cvxle 
construction. —^fihrz/fM^. ' 
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CBMENT5, PASTES, QLUE5, AND QUM5. 

A Practical Guide to the Mannfactare and Application of the various Agglnti* 
nants required in the Building. Metal-Working, Wood-Working, and L^her- 
Working Trades, and for Workshop, Laboratory or Office Use. With upwards 
of 900 Recipes and Formulae. By ri. C. Standage, Chemist. Third Edition. 
Crown 8vo, cloth. [/ms^ Published. 2/0 

"We have pleasure in spealdngf fitvourablv of this ▼oiume. So far as we have had 
experience, which ts not inconsiderable, this manual is trustworthy."— A thenautft. 

" As a revelation of what are considered trade secrets, tms book will arouse an amount of 
curiosity among the largfe number of industries it toucbita."—Daiiy Chronicle. 

THE ART OP 50AP-MAKINQ. 

A Practical Handbook of the Manufacture of Hard and Soft Soaps, Toilet 
Soaps, &c. Including many New Processes, and a Chapter on the Recovery of 
Glycerine from Waste Leys. By^ Alx. Watt. Sixth Edition, including an 
Appendix on Modern Candlemaking. Crown 8vo, cloth. 

[Just Published. 7/6 

"The work will prove very useful, not merely to the technological student, but to the 
practical soap boiler who wishes to understand the theory of his 9Tt."—CherMical News. 

" A thoroughly practical treatise on an art which has almost no literature in our language. 
We congratulate the author on the success of his endeavour to fill a void in English technical 
literature."— iVa/wr«. 

PRACTICAL PAPER-MAKINQ. 

A Manual for Paper-Makers and Owners and Manu^ers of Paper-Mills. With 
Tables, Calculations, &c. By G. Clappbrton, Paper-Maker. With Illus- 
trations of Fibres from Micro-Photographs. Crown 8vo, cloth . .6/0 
" The author caters for the requirements of responsible mill hands, apprentices, &c., whilst 
his mantial will be found ofgreat service to students of technol<^[y, as well as to veteran paper- 
makeis and mill owners, llie illustrations form an excellent feature."— The tVorld's Paper Trade 
Review. 

" We recommend everybody interested in the trade to get a copy of this thoroughly practical 
book."— Pa^r Making. 

THE ART OP PAPER-MAKINQ. 

A Practical Handbook of the Manufacture of Paper from Rags, Esparto, 
Straw, and other Fibrous Materials. Including the Manufacture of Pulp from 
Wood Fibre, with a Description of the Machinery and Appliances tised. To 
which are added Details of Processes for Recovering Soda from Waste Liquors. 
By Alexander Watt, Author of " The Art of Soap-Making." With Illus- 
trations. Crown Svo, cloth 7/6 

" It may be regarded as the standard work on the subject. The book is fiill of valuable 
information. The ' Art of Paper-Making ' is in every respect a model of a text-book, either for a 
technical class, or for the private student. '—Paper and Printing Tratles yournal. 

A TREATISE ON PAPER. 

For Printers and Stationers. With an Outline of Paper Manufacture ; Complete 
Tables of Sizes, and Specimens of Different Kinds of Paper. By Richard 
Parkinson, late of the Manchester Technical School. Demy Svo, cloth. 

{Just Published. 3/6 

THE ART OF LEATHER MANUFACTURE. 

Being a Practical Handbook, in which the Operations of Tanning, Currying, 
and Leather Dressing are fully Described, and the Principles of Tanning 
Explained, and many Recent Processes Introduced ; as also Methods for the 
Estimation of Tannin, and a Description of the Arts of Glue Boiling. Gut 
Dressing. &c. By Alexander Watt, Author of " Soap-Making, &c. 
Fourth Edition. Crown Svo, cloth 9/0 

" A sound, comprehensive treatise on tanning and its accessories. The book is an eminently 
valuable production, which redounds to the credit of both author and publishers."— CA«iw^!c»/ 
Review. 

THE ART OF BOOT AND SHOE MAKING. 

A Practical Handbook, including Measurement, Last- Fitting, Cutting-Out, 
Closing and Making, with a Description of the most approved Machinery 
Employed. By John B. Lend, late Editor of St. Crispin^ and Th* Boot and 
Sho9-Makf. lamo, cloth 9"^ 
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WOOD BNORAVINO. 

A Practical and Easy Introduction to the Study of the Art. By W. N. Bro%>^ 

i2ino, cloth . . .16 

** The book is clear and comidete. and will be useful to amy one wanting- to understand t'-; 
first slements of the beautiful art oi wood vagnniag."— Graphic 

MODERN HOROLOGY, IN THEORY AND PRACTICE 

Translated from the French of Claudius Saunibr, ex-Director of the Schvi 

of Horology at Macon, by Julien Tripplin, F.R.A.S., Besancon Watc: 

Manufacturer, and Edward Rigg, M.A., Assayer in the Royal Mint. Witlr 

Seventy-eight Woodcuts and Twentv-two Coloured Copper Plates. Second 

Edition. Super-royal 8vo, cloth, £2 28. ; half-calf . . ^9 fOs. 

" There is no horologic^ work in the English language at all to be compared to thi^ pcodiic- 

tlon of M. Saunler's for clearness and completeness. It is alike good as a guide for the student aad 

as a reference for the experienced horologist and skilled viot)cmaxL''~-Horo^cgfca/ ^ouma.!. 

"The latest, the most complete, and the most reliable of those literary pitxfuctions to wfakh 
continental watchmakers are Inuebted for the mechanical superiority over their Ensiish brethres 
—In fact, the Book of Books, is M. Saunier's ' Treatise.' "—Watchmaker, ytweiUr, an^ Silvtrsmitk 

THE WATCH ADJUSTER'S MANUAL. 

A Practical Guide for the Watch and Chronometer Adjuster in Making. 
Springing, Timing and Adjusting for Isochronism, Positions and Temperatures- 
By C. E. Fritts. 370 pp., with Illustrations, 8vo, cloth . . .1 5/0 

THE WATCHMAKER'S HANDBOOK, 

Intended as a Workshop Companion for those engaged in Watchmaking and 
the Allied Mechanical Arts. Translated from the French of Claudius 
Saunier, and enlarged by Julien Tripplin, F.R.A.S., and Edward 
Rigg, M.A., Assayer m the Royal Mint. Third Edition. 8vo, cloth. 9/0 

" Each part is truly a treatise in itself. The arrangement is good and the language k cleu 
and concise. It is an admirable guide for the young watchmaker."— £«£t«««n>«^. 

" It is impossible to speak too highly of its excellence. It fulfils every requirement in « 
handbook intended for the use of a workman. Should be found in every workshop.^' — fyiUck ami 
Clodtmaker. 

A HISTORY OF WATCHES & OTHER TIMEKEEPERS. 

By Jambs F. Kendal, M.B.H. Inst. Boards, 1/6; or cloth, %t\\. . 2/6 
" The best which has yet appeared on this subject in the English language." — Industries, 
" Open the book where you may, there is interesting matter in it concerning the ingraioiis 
devices of the ancient or modem \iOxo\ogvt"— Saturday Review. 

ELECTRO-DEPOSITION. 

A Practical Treatise on the Electrolysis of Gold, Silver, Copper, Nickel, and 
other Metals and Alloys. With Descriptions of Voltaic Batteries, Magneto 
and Dynamo-Electric Machines, Thermopiles, and of the Materials and 
Processes used in every Department of the Art, and several Chapters on 
Electro-Metallurgy, By Alexander Watt, Author of "Electro- 
Metallurgy," &c. Third Edition, Revised. Crown 8vo, cloth . . g/Q 

"Eminently a book for the practical worker in electro-deposition. It contains practical 
descriptions of methods, processes and materials, as actually pursued and used in the woriohop."— 
Engineer. 

ELECTRO-METALLURGY. 

Practically Treated. By Alexander Watt. Tenth Edition, including the 

most recent Processes, ismo, cloth 3/6 

" From this book both amateur and artisan may learn everything necessary for the successful 
prosecution of electroplating."— /r«n. 

JEWELLER'S ASSISTANT IN WORKING IN GOLD. 

A Practical Treatise for Masters and Workmen, Compiled from the Experience 
of Thirty Years' Workshop Practice. By George E. Geb, Author of " The 
Goldsmith's Handbook," &c Crown 8vo, cloth fj^ 

"This manual of technical education Is apparently destined to be a valuable auxlllai* to a 
handicraft which is certainly capable of great Improvement."— The Times. 7 >v > 
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BLBCTROPLATINQ. 

A Practical Handbook on the Deposition of Copper, Silver, Nickel, Gold, 

Aluminium, Brass, Platinum, &c., &c. By J. W. Urquhart, C.E. Fourth 

Edition, Revised. Crown 8vo, cloth. [fust Published. 5/O 

** An excellent practical manusL"—Engrifteering: 

** An excellent work, giying the newest information."— ^fffw^lfios/ youmat, 

E UECTROTYPI NO. 

The Reproduction and Multiplication of Printine Surfaces and Works of Art 
by the Electro'-Deposition of Metals. By J. W. Urquhart, C.E. Crown 8vo, 

cloth 6/0 

•• The book is thoroughly practical ; the reader is, therefore, conducted througfh the leading 

laws of electricity, then through the metals used by electrotypers, the apparatus, and the depositing 

processes, up to the fuial preparation of the work."— ^ W youmai. 

GOLDSMITH'S HANDBOOK. 

By Gborgb E. Gbb, Jeweller, &c. Fifth Edition. lamo, cloth . . S/O 

"A good, sound educator, and will be generally accepted as an authority."— '^0r«Asfie»/ 
youmal. 

SILVERSMITH'S HANDBOOK. 

By Gborgb E. Gbb, Jeweller, &c. Third Edition, with numerous Illustra- 
tions, xamo, cloth S/O 

" The chief merit of the work is its practical character. . . . The workers in the trade will 
speedily discover its merits when they sit down to study it." — English Mechanic. 

\* Th* abow two works together^ strongly half-bound^ price 7s. 

SHEET METAL WORKER'S INSTRUCTOR. 

Comprising a Selection of Geometrical Problems and Practical Rules for 
Describing the Various Patterns Required by Zinc, Sheet-Iron, Copper, and 
Tin-Plate Workers. By Reuben Henry Warn. New Edition, Revised and 
greatly Enlarged by Joseph G. Horner, A.M.I.M.E. Crown 8vo, 254 pp., 
with 430 Illustrations, cloth. [Just Published. 7/6 

BREAD & BISCUIT BAKER'S & SUOAR-BOILER'S 

A55I5TANT. 

Including a large variety of Modem Recipes. With Remarks on the Art of 

Bread-m^ing. By Robert Wells. Third Edition. Crown 8vo, cloth . 2/0 

" A large number of wrinkles for the ordinary cook, as well as the baker."Saturday Review. 

PASTRYCOOK St CONFECTIONER'S GUIDE. 

For Hotels, Restaurants, and the Trade in general, adapted also for Family 

Use. By R. Wells, Author of " The Bread and Biscuit Baker." Crown 8vo, 

cloth 2/0 

" We cannot speak too highly of this really excellent work. In these days of keen competition 
our readers cannot do better than purchase this book." — Bahers' Times. 

ORNAMENTAL CONFECTIONERY. 

A Guide for Bakers, Confectioners and Pastrycooks ; including a variety of 

Modem Recipes, and Remarks on Decorative and Coloured Work. With 120 

Original Designs. By Robert Wells. Second Edition. Crown 8vo . 6/0 

" A valuable work, practical, and should be in the hands of every baker and confectioner. 
The illustrative designs are alone worth treble the amount charged for the whole work."— BaJUrs* 
Times. 

THE MODERN FLOUR CONFECTIONER, WHOLESALE 

AND RBTAIL. 

Containing a large Collection of Recipes or Cheap Cakes, Biscuits, &c. With 

remarks on the Ingredients Used in tneir Manufacture. By RobeTrt Wells, 

Author of " The Bread and Biscuit Baker," &c. Crown 8vo, cloth . 2/0 

" The work is of a decidedly practical character, and in every recipe regard is had to economical 

working."— iVor<:* British Daily Mail. 

RUBBER HAND STAMPS 

And the Manipulation of Rubber. A Practical Treatise on the Manufacture of 
Indiarubber Hand Stamps, Small Articles of Indiarubber, The Hektograph, 
Special Inks, Cements, and Allied Subjects. By T. O'Conor Sloane, A.M., 
Ph.D. With numerous Illustrations. Square 8vo, cloth . S'<^ 
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HANDYB00K8 FOR HANDICRAFTS. 

BY PAUL N. HASLUCK. 

Editor of " Work " (New Series), Author of " Lathe Work," " Milling Machines," &c 

Crown 8vo, 144 pp., price zs. each. 

Th$u Handvbooks havt btsn written to supply in/omuUion for Wokkmek. 
Students, and Amateurs in tht ssveral Handicrafts, on the actt$ai Practicb 0; 
the Workshop, and art intended to convey in plain language TscHiiricAL. Knov- 
LEDGE 0/ the several Crafts. Jn describing the processes employed, and the manipU' 
lation of material, workshop terms are used ; workshop practice is fully explained. . 
and the text is freely illustrated with drawings of modem tools, appliances, and 
processes. 

THE METAL TURNER'5 HANDYBOOK. 

A Practical Manual for Workers at the Foot-Lathe. With over 100 Illus- 
trations. • • . .1/0 

" The book will be of service alike to the amateur and the artisan turner. It disptzn 
Choroufh knowledsfe of the subject." — Scdsmari. 

THE WOOD TURNER'S HANDYBOOK. 

A Practical Manual for Workers at the Lathe. With over zoo Illastratiaos. 

1/0 

" We recommend the book to youn; turners auid amateurs. A multitude of workmen have 
hitherto sought in vain for a manual of this special industry."— AfKhanieai IVorld. 

THE WATCH JOBBER'5 HANDYBOOK. 

A Practical Manual on Cleaning, Repairing, and Adjusting. With upwards d 

100 Illustrations .1/0 

" We stroni^y advise all younsr persons connected with the watch trade to acquii« and study 
this inexpensive •motV."—CUrktH'weu Chronicle. 

THE PATTERN MAKER'S HANDYBOOK, 

A Practical Manual on the Construction of Patterns for Founders. With 

upwards of 100 Illustrations 1/0 

" A most valuable, if not indispensable manual for the pattern maker."— ATn^w^M^A 

THE MECHANIC'S WORKSHOP HANDYBOOK. 

A Practical Manual on Mechanical Manipulation, embracing InformatioD 
on various Handicraft^ Processes. With Usefiil Notes and Miscellaneous 

Memoranda. Comprising about 300 Subjects -| /O 

" A very clever and useful book, which should oe found in every workshop ; and it shoaM 
certainly find a place in all technical schools."— 5a/MfuCa> Review. 

THE MODEL ENGINEER'S HANDYBOOK. 

A Practical Manual on the Construction of Model Steam Engines. With 

upwards of 100 Illustrations. .1/0 

"Mr. Hasluck has produced a very gfood little \iooV."— Builder. 

THE CLOCK JOBBER'5 HANDYBOOK. 

A Practical Manual on Cleaning, Repairing, and Adjusting. With upwaids of 
xoo Illustrations "f/Q 

" It is of inestimable service to those commencing the trade."— Ceventry Standard. 

THE CABINET MAKER'S HANDYBOOK. 

A Practical Manual on the Tools, Materials, Appliances, and Processes 

employed in Cabinet Work. With upwards of xoo Illustrations . •1/0 

"Mr. Hasluck's thorough-going little Handybook is amongst the most practical guides we 
have seen for beginners in cabmet''work."—Saturday Review. 

THE WOODWORKER'S HANDYBOOK OP MANUAL 

INSTRUCTION. 

Embracing Information on the Tools, Materials, Appliances and Processes 

Employed in Woodworking. With 104 Illustrations 1/0 

Opinions of the Press. 
" Written by a man who Icnows, not only how work ought to be done, but bow to do It, and 
how to convev his knowledge to others." — Engineering, 

" Mr. Hasluck writes admirably, and gives complete instructions." — Engineer. 
" Mr. Hasluck combines the experience of a practical teacher with the manipulative sidll and 
scientific knowledge of processes of the trained mechanician, and the manuals are marvels of what 
can be produced at a popular price." — Schoolmaster. 

"Helpful to workmen of aU ages and degrees of experience."— Ztei/y Chronicle. 
"Practical, sensible, and remarkably cheap."— youmal q/" Education. 
"Concise, clear, and pt»cticaL"Satufvlay Reinew. 
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LES50N5 IN COMMERCE. 

By Professor R. Gambaro, of the Royal High Commercial School at Genoa. 
Edited and Revised by James Gault, Professor of Commerce and Commercial* 
Law in King's College, London. Fourth Edition. Crovoi 8vo, cloth . 3/6 

" The publishers of this work have rendered considerable service to the caase of commercial 
education by the opportune production of this volume. . . . The work is peculiarly accepuble to 
Eng^Itsh readers and an admirable addition to existing class books. In a phrase, we think the work 
attains its object in furnishing a brief account of those laws and customs of British trade with which 
the commercial man interested therein should be familiar."— CAamMr of Commerce journal. 

" An invaluable guide in the hands of those who are preparing for a commercial career, and, 
in fact, the information it contains on matters of business should be impressed on every one."— 
CounHng House. 

THE FOREIGN COMMERCIAL CORRESPONDENT. 

Being Aids to Commercial Corresjwndence in Five Languages — English, 
French, German, Italian, and Spanish. By Conrad E. Baker. Third 
Edition, Carefully Revised Throughout. Crown 8vo, cloth. 

[Just Published. 4/6 

" Whoever wishes to correspond in all the languages mentioned by_ Mr. Baker cannot do 
better than study this work, the materials of which are excellent and conveniently arranged. They 
consist not of entire specimen letters, but— what are £ar more useful— short passages, sentences, or 
phrases expressing the same general idea in various fotras."—Athefueunt, 

" A careful examination has convinced us that it is unusually complete, well arranged and 
reliable. The book is a thoroughly good oxM."—Sckaelmaster, 

FACTORY ACCOUNTS: their PRINCIPLES &. PRACTICE. 

A Handbook for Accotmtants and Manufacturers, with Appendices on the 
Nomenclature of Machine Details; the Income Tax Acts; the Rating of 
Factories ; Fire and Boiler Insurance ; the Factory and Workshop Acts, sec, 
including also a Glossary of Terms and a large number of Specimen Rulings. 
By Emilb Garckb and J. M. Fells. Fourth Edition, Revised and Enlarged. 
Demy 8vo, 250 pp., strongly botmd 6/0 

" A very interesting description of the requirements of Factory Accounts. . . . The principle 
of assimilating the Factory Accounts to the general commercial books is one which we thoroughly 
agree with." — Accountants' journal. 

" Characterised by extreme thoroughness. There are few owners of factories who would not 
derive great benefit from the perusal of this most admirable 'worV."— Local Government CkronicU. 

MODERN METROLOGY. 

A Manual of the Metrical Units and Systems of the present Century. With 
an Appendix containing a proposed English System. By Lewis D. A. 
Jackson, A. M. Inst. C. E., Author of " Aid to Survey Practice," &c. Large 
crown 8vo, cloth 1 2/6 

"We recommend the work to all interested in the practical reform of our weights and 
measures. "—Wo/wne. 

A SERIE5 OP METRIC TABLE5. 

In which the British Standard Measures and Weights are compared with those 
of the Metric System at present in Use on the Continent. By C. H. Dowling, 
C.E. 8 vo, strongly bound 10/6 

" Mr. DowUng's Tables are well put together as a ready reckoner for the conversion of one 
system into the o\hat."--Athenaum. 

THE IRON AND METAL TRADES' COMPANION. 

For Expeditiously Ascertaining the Value of any Goods bought or sold by 

Weight, from is. per cwt. to izas. per cwt., and from one farthing per pound to 

one shilling per pound. By Thomas Downib. 396 pp., leather . . 9/0 

" A most useful set of tables, nothing like them before existed."— fw^iWi^MP' News. 
'" Although specially adapted to the iron and metal trades, the tables wiff be found useftil in 
every other business in which merchandise is bought and sold by ^rnkght."— Railway Newt. 
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NUMBER, WEIGHT, AND FRACTIONAL CALCULATOR. 

Containing upwards of 950,000 Separate Calcalations, showing at a Glance tbe 
Value at 493 Different Rates, ranging from rljrth of a Penn^ to aos. each, or per 
cwt., and £90 per ton, of any number of articles consecutively , from i to 47a 
Any number 01 cwts., ors., and lbs., from x cwt. to 470 cwts. Any number of 
tons, cwts., qrs., and ibs., from z to x,ooo tons. By William Chadwioc. 
Public Accountant. Third Edition, Revised. 8vo, strongly bound l&O 

" It is as easy of reference for any answer or any number of answers as m. dictionary. Fw 
making up accounts or estimates the book must prove mvaluable to all who have any considenbie 
quantity of calculations involving price and measure in any combination to do." — Engri^teer. 

'* Tbe most perfect work of the kind yet prepared."— C/oqrtfw NeraJd. 

THE WEIQHT CALCULATOR. 

Being a Series of Tables upon a New and Comprdiensive Plan, exhibiting ai 
one Reference the exact Value of any Weight from z ib. to 15 tons, at 300 
Progressive Rates, from id. to 1681. pa- cwt., and containing 186,000 Direct 
Answers, which, with their Combinations, consisting of a single additioo 
(mostly to be performed at nght), will aJflTord an aggregate of 10,366,000 
Answers ; the wnole being calculated and designed to ensure correc tn ess and 
promote despatch. By Hbnbv Harbbn, Accountant. Fifth Eldition, carefiillj 
Corrected. Royal Bvo, strongly half-bound ..... £-| 5g. 

"A practical and useful work of reference for men of business generally." — IrvMfmffmjprr. 
" Of^ priceless value to business men. It is a necessary book in all mercantile offices.'— 
Sh^*Id Independent, 

THE DISCOUNT GUIDE. 

Comprising several Series of Tables for the Use of Merchants, Manufacturers, 
IronmcMigers, and Others, by which maybe ascertained the Exact Prc^t arising 
from any mode of using Discounts, either in the Purchase or Sale of Goods, and 
the method of either Altering a Rate of Discount, or Advancing a Price, so as 
to produce, by one operation, a sum that will realise any required Profit after 
allowing one or more Discounts : to which are added Tables of Profit or 
Advance from \\ to 90 per cent., Tables of Discount firom ij: to gSf per cent, 
and Tables of Commission, &c., from \ to xo per cent. By Hbnry Harbek, 
Accountant. New Edition, Corrected. Demy Bvo, half-bound . £'f 5s. 
" A book such as this can only be appreciated by business men, to whom the saving of time 

means saving: of money. The work must prove of great value to merchants, manufacturers, and 

general traders. "—^riMxA TrtuU Journal, 

TABLES OF WAGES. 

At 54, 5a, 50 and ^8 Hours per Week. Showing the Amounts of Wases from 
One quarter of an nour to Sixty-four hours, in each case at Rates of Wages 
advancing by One Shilling from 45. to 555. per week. By Thos. Garbutt, 
Accountant. Square crown 8vo, half-bound .... . . Q/Q 

IRON-PLATE WEIGHT TABLES. 

For Iron Shipbuilders, Engineers, and Iron Merchants. Containing tbe 
Calculated Weights of upwards of 150,000 different sizes of Iron Plates from 
I foot by 6 in. by \ in. to 10 feet by ^ feet by i in. ^ Worked out on the Basis of 
40 lbs. to the square foot of Iron of x inch in thickness. By H. Burlikson 
and W. H. Simpson. 4to, half-bound £-| 5i. 

MATHEMATICAL TABLES (ACTUARIAL). 

Comprising Commutation and Conversion Tables, Logarithms, Cologarithms. 
Antilogarithms and Reciprocals. By J. W. Gordon. Royal 8vo, mounted 
on canvas, in cloth case. [/fMt Publishtd. 5/O 
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THE COMPLETE QRAZIER AND FARMER'S AND 

CATTLE BRBBDER'S ASSISTANT. 

A Compendium of Husbandry. Origfinally Written by William Youatt. 
Fourteenth Edition, entirely Re-written, considerably Enlarged, and brought 
np to Present Requirements, by William Frbam, LL.D., Assistant Com- 
missioner, Royal Commission on Agriculture, 1893, Author of " The Elements 
of Agriculture," &c. Royal 8vo, 1,100 pp., with over 450 Illustrations, 
handsomely bound. [ /usi Published. £1 lis. 6d. 

Summary of contents. 

book i. on the varieties, breeding, 
Rearing, Fattening and Manage- 
ment OF Cattle. 

Book II. on the Economy and Man- 
agement OF the Dairy. 

Book III. On the breeding. Rearing, 
and Management of Horses. 

Book IV. On the Breeding, Rearing, 
and Fattening of Sheep. 

Book v. on the breeding. Rearing, 
AND Fattening of swine. 

Book vi. on the Diseases op Live 
Stock. 



Book vii. on the breeding. Rearing. 

AND Management of poultry, 
book viii. on Farm Offices and 

Implements of husbandry. 
Book IX. On the Culture and Man- 
agement of Grass Lands. 
Book X. On the Cultivation and 

Application of grasses, pulse and 

Roots. 
Book XI. On Manures and their 

Application to Grass Land and 

Crops. 
BOOK XII. monthly Calendars op 

Farmwork. 



*»* Opinions of the Press on the New Edition. 

" Dr. Fream is to be consfratulated on the successful attempt he has made to give us a work 
which will at once become the standard classic of the fann practice of the country. We believe 
that it will be found that it has no compeer among' the many works at present in existence. . . . 
The illustrations are admirable, while the frontispiece, which represents the well-known bull. 
New Year's Gift, owned by the Queen, is a work of art." — The Times. 

" The book must be recognised as occupjong the proud position of the most exhaustive work 
of reference in the English language on the subject with which it deals." — Athenetum. 

" The most comprehensive guide to modem farm practice that exists in the English language 
to-day. . . . The book is one that ought to be on every farm and in the library of every land 
owner."— Afar^ Lane Express. 

" In point of exhaustiveness and accuracy the work will certainly hold a pre-eminent and 
unique position among books dealing with scientific agricultural practice. It is, in fact, an agricul- 
tural library oiWsibW'^North British AgricuUnrist. 

" A compendium of authoritative and well-ordered knowledge on every conceivable branch of 
the work of the live stock liarmer; probably without an equal in this or any other country." — 
Yorkshire Post. 

FARM LIVE STOCK OF GREAT BRITAIN. 

By Robert Wallace, F.L.S., F.R.S.E., &c., Professor of Agriculture and 
Rural Economy in the University of Edinburgh. Third Edition, thoroughly 
Revised and considerably Enlarged. With over 120 Phototypes of Prize 
Stocft Demy 8vo, 384 pp., with 79 Plates and Maps, cloth. . 1 2/6 

" A really complete work on the history, breeds, and management of the farm stock of Great 
Britain, and one which is likely to find its way to the shelves of every country gentleman's library." 
—The Times. 

" The latest edition of ' Farm Live Stock of Great Britain ' is a production to be proud of, and 
its Issue not the least of the services which its author has rendered to agriculturcu science." — 
Scottish Partner. 

"The book is very attractive, . . . and we can scarcely Imafiine the existence of a 
fanner who would not like to have a copy of this beautiful and useful work.— Afor^fc Lane Express. 

NOTE-BOOK OF AGRICULTURAL FACTS & FIGURES 

FOR FARMERS AND FARM STUDENTS. 

By Primrose McConnell, B.Sc, Fellow of the Highland and Agricultural 
Society, Author of " Elements of Farming." Sixth Edition, Re-written, Revised, 
and greatly Enlarged. Fcap. 8vo, 480 pp., leather. \.Just Published. 6/0 

Summary of Contents : surveying and Levelling. — Weights and 
measures. — Machinery and Buildings. — Labour. — Operations. — Draining. — 
Embanking.— Geological Memoranda.— Soils.— Manures.— Cropping.— Crops.— 
Rotations. — weeds.— feeding. — Dairying.— Live Stock. — Horses. — Cattle. — 
Sheep.— Pigs.— foultry.—Forbstry.— horticulture.— Miscellaneous. 

"No farmer, and certainly no agricultural student, ought to be without this multum-in-parvo 
manual of all subjects connected with the farm." — North British Agriculturist. 

" This little pocket-book contains a large amount of useful information upon all kinds of agri- 
cultural subjects. Something of the kind has long been wanted."— A/ar^ Lane Express. 

"The amount of information it contains is most surprising ; the arrangement of the matter is 
so methodical— although so compressed— as to be Intelligible to everyone who takes a glance throur*' 
its pages. They teem with information."— Farm and Home. 
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BRITI5H DAIRYING. 

A Handy Volume on the Work of the Dairy- Farm. For the Use of Tecfaniai 

Instruction Classes, Students in Agricultural Colleges and the IVorking Dasr- 

Farmer. Bv Prof. J. P. Sheldon. With Illustrations. Second Edition. 

Revised. Crown 8vo, cloth. [ Just Published. 2'6 

" Confidently recommended as m uieAil text-book on ddiy fanning" if jrnfcuttMfwt Gatrtf 

" Probably tne best half-crown manual on daliy work that has jret been pcoduiced.''-^A^^ 

British Afficuiturist. 

" It IS the soundest ttttle work we have yet seen on the subject. " — The Tifnes. 



MILK, CHEESE. AND BUTTER. 

A Practical Handbook on their Properties and the Processes of their Produc- 
tion. Including a Chapter on Cream and the Methods of its Separation firos 
Milk. By John Oliver, late Principal of the Western Dairy Institcte, 
Berkeley. With Coloured Plates and aoo Illustrations. Crown 8vo, dodi. 

7/8 

" An exhaustive and masterlv production. It may be cordially recommended to aD rtBd**** 
and practitioners of dairy science.— -^(trr/A British Agriculturist. 

" We recommend this very comprehensive and carefully- written book to dairy-fiumefs aad 
students of dairying. It is a distinct acquisition to the Ulnrary of the agricultusist. '—^jyiaiititra: 
Gamettt. 

SYSTEMATIC SMALL FARMING. 

Or, The Lessons of My Farm. Being an Introduction -to Modem Fans 
Practice for Small Farmers. By R. Scott Burn, Author of " Outlines 4^ 

Modern Farming," &c. Crown 8vo, cloth . 6jO 

" Tills is the completest book of its class we have seen, and one which erery am^t ffCT^ fanner 
will read with pleasure, and accept as a guide."— /^lif/rf. 

OUTLINES OP MODERN FARMING. 

By R. Scott Burn. Soils, Maniures, and Crops — Farming and Fanning 
Economy— Cattle, Sheep, and Horses — Management of I>airy^ Pigs, and 
Poultry — Utilisation of Town-Sewage, Irrigation, &c. Sixth £dition. In One 
Vol., 1,250 pp., half-bound, profusely Illustrated ..... 12/0 

FARM ENQINEERINO, The COMPLETE TEXT-BOOK of. 

Comprising Draining and Embanking ; Irrigation and Water Supply ; Farm 
Roads, Fences and Gates ; Farm Buildings ; Barn Implements and Machines; 
Field Implements and Machines ; Agricultural Surveying, &c. Bv Professor 
John Scott. In One Vol., 1,150 pp., half-bound, with over 600 Illustrations. 

12/0 

" Written with great care, as well as with knowledge and ability. The author has dooe his 
work well ; we have found him a very trustworthy guide wherever we have tested his statements. 
The volume will be of great value to agricultural students."— Afarit Lant Bseprtss, 

THE FIELDS OF GREAT BRITAIN. % 

A Text-Book of Agriculture. Adapted to the Syllabus of the Science and 
Art Department. For Elementary and Advanced Students. By Hugh 
Clements (Board of Trade). Second Edition, Revised, with Additions. 

z8mo, cloth 2/6 

" It is a long time since we have seen a book which has pleased us more, or which contains 
such a vast and useful fund of knowledge." — Educational Tifnes. 

TABLES and MEMORANDA for FARMERS, QRAZIER5, 

AGRICULTURAL 5TUDBNT5, SURVEYORS, LAND AQBNTS. 
AUCTIONEERS, &c. 

With a New System of Farm Book-keeping. By Sidney Francis. Fifth 
Edition. 272 pp., waistcoat-pocket size, limp leather . . . • 1 /6 
" Weijg^liing less than z oz., and occupying no more space than a match-box, it contafais amass 
of facts and calculations which has never before, in such handy form, been obtainable. Every 
operation on the farm is dealt with. The work may be taken as thoroughly accurate, the whole of 
the tables having been revised by Dr. Fream. We cordially recommend lt."—Btirs fFetkly 
Mssstnger. 

THE ROTHAMSTED EXPERIMENTS AND THEIR 

PRACTICAL LESSONS FOR FARMERS. 

Part I. Stock. Part II. Crops. By C. J. R. Tipper. Crown 8vo, doth. 

[Just Published. 3/6 

" - *tave no doubt that the book will be welcomed by a laige class of fawmeis and othHi 
griculture."— vStew</((ir</. w*™™ 
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FERTILISERS AND FEEDING STUFFS. 

A Handbook for the Practical Farmer. By Bernard Dyer, D.Sc. (Lond.)- 
With the Text of the Fertilisers and Feeding Stuffs Act of 1893. &c. Third 
Edition, Revised. Crown 8vo, cloth. [Just PuBlished. 1 /O 

"This little book is precisely what it professes to be— 'A Handbook for the Practical 
Farmer.' Dr. Dyer has done farmers good service in placingf at their disposal so much useful 
iiJbrmationinsomtellig^ble aform."— TTmt 7Vm«j. * 

BEES FOR PLEASURE AND PROFIT. 

A Guide to the Manipulation of Bees, the Production of Honey, and the 
General Management of the Apiary. By G. Gordon Samson. With 
numerous Illustrations. Crown Bvo, wrapper "I/O 

BOOK-KEEPING for FARMERS and ESTATE OWNERS. 

A Practical Treatise, presenting, in Three Plans, a System adapted for all 
Clas5;es of Farms. By Johnson M. Woodman, Chartered Accountant. 

Fourth Ekiition. Crown 8vo, cloth 2/6 

" The Tolume is a capital study of a most important subiect."—j4£ricu/tural Gazette. 

WOODMAN'S YEARLY FARM ACCOUNT BOOK. 

Giving Weekly Labour Account and Diary, and showing the Income and 
Expenditure under each Department of Crops, Live Stock, Dairy, &c., &c. 
With Valuation, Profit and Loss Account, and Balance Sheet at the End of the 
Year. By Johnson M. Woodman, Chartered Accountant, Second Edition. 
Folio, half-bound Net TIB 

"Contains every requidte form for keeping farm accounts readily and accurately."— 
AgricultHre. 

THE FORCING GARDEN. 

Or, How to Grow Early Fruits, Flowers and Vegetables. With Plans and 
Estimates for Building Glasshouses, Pits and Frames. With Illustrations. 

By Samuel Wood. Crown 8vo, cloth 3/6 

" A good book, containing a great deal of valuable teaching."— (^an^en^rf' Mae-atiine. 

A PLAIN GUIDE TO GOOD GARDENING. 

Or, How to Grow Vegetables, Fruits, and Flowers. By S. Wood. Fourth 

Edition, with considerable Additions, and numerous Illustrations. Crown 

8vo, cloth 3/6 

'* A very good book, and one to be highly recommended as a practical guide. The practical 
directions are excellent." — Atfunaunt. 

MULTUM-IN-PARVO GARDENING. 

Or, How to Make One Acre of Land produce ;£62o a year, by the Cultivation 
of Fruits and Vegetables ; also, How to Grow Flowers in Three Glass Houses, 
so as to realise ^176 per annum clear Profit. By Samuel Wood, Author ot 
"Good Gardening," &c. Sixth Edition, Crown 8 vo, sewed . '1/0 

"We are bound to recommend it as not only suited to the case of the amateur and gentle- 
man's gsurdener, but to the market grower."— (rani^«M«rx' Magattint, 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN. 

And Amateur's Complete Guide. By S. Wood. Crown 8vo, cloth . 3/6 
" Full of shrewd hints and useful instructions, based on a lifetime of experience." — Scotsman. 

POTATOES: HOW TO GROW AND SHOW THEM. 

A Practical Guide to the Cultivation and General Treatment of the Potato. 
By J. Pink. Crown 8vo 2/0 

MARKET AND KITCHEN GARDENING. 

By C. W. Shaw, late Editor of Gardenings Illustrated. Cloth . 3/6 

" The most valuable compendti m of kitchen and market-garden work published."— /^ar- 
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AUCTIONEERING, VALUING, LAND 
SURVEYING, ESTATE AGENCY, &c. 



INWOOD'S TABLES FOR PURCHASING ESTATES 

AND FOR THB VALUATION OP PROPERTIES. 

Including Advowsons, Assurance Policies, Copyholds, Deferred Annuities, 
Freeholds, Ground Rents, Immediate Annuities, Leaseholds, Life Interests. 
Mortgages, Perpetuities, Renewals of Leases, Reversions, Sinlcine Funds. 
&c., &c. 26th Edition, Revised and Extended bv William Schooling. 
F.R. A.S., with Logarithms of Natural Numbers and Thoman's Logarilhmk 
Interest and Annuity Tables. 360 pp., Demy 8vo, cloth. ^^ 

[Just Published. Net 80 
" Those interested in the purchase and sale of estates, and in the adjuscment ofcomsensancs 
cases, as well as in transactions in annuities, life insurances, &c., will find the present e^cu ^ 
eminent service." — En/nneerittg, 

"This valiinhle book has been considerably enlarf^ed and improved by the laboon (i 
Mr. Schooliiiff, aiul is now very complete indeed." — Economist. 

" Alt(>K'»ther this edition will prove of extreme value to many classes of professional men -a 
Stivint; them many lonj; and tedious calculations.*'— /nvvj/tfrj' Hevicw. 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 

AND B5TATB AOBNT AND VALUBR'3 POCKET ASSISTANT. 

For the Valuation for Purchase, Sale, or Renewal of Leases, Annuities, and 

Reversions, and of Property generally ; with Prices for Inventories, &c By 

ToHN Wheelbr, Valuer, &c. Sixth Edition. Re-written and sreatlyExteixled 

by C. NoRRis, Surveyor, Valuer, &c. Ro3ral 32mo, cloth . . .50 

" A neat and concise book of reference, containing an admirable and clearly-arranged list cf 

prices for inventories, and a very practical jniidc to determine the value of furniture, &c "--Standari. 

" Contains a lartjfe quantity of varied and useful information as to the valuation * for Duichase. 

sale, or renewal of leases, annuities and reversions, and of property generally, with Drices for 

Inventories, and a guide to determine the value of interior fittings and other effects." BamUder. 

AUCTIONEERS: THEIR DUTIES AND LIABILITIES. 

A Manual of Instruction and Counsel for the Young Auctioneer. By Robbrt 
Squibbs, Auctioneer. Second Edition, Revised and partly Re-written. Demy 

8vo, cloth ^2/6 

" The standard text-book on the topics of which it tna,ts."—Athetueum, 
" The work is one of general excellent character, and gives much information in a com- 
pendious and satisfactory iorm."— Builder. 

"May be recommended as giving a great deal of information on the law rdatinff to 
auctioneers, in a very readable form. '— Z.aw Journal. * 

" Auctioneers may be congratulated on "having so pleasing a writer to minister to th^r ctwuI 
needs."— 5*/»rtV<wf* Journal Mwrspeoai 

THE AGRICULTURAL VALUER'S ASSISTANT. 

A Practical Handbook on the Valuation of Landed Estates ; including 
Example of a Detailed Report on Management and Re.ilisation ; Forms of 
Valuations of Tenant Right ; Lists of Local Agricultural Customs ; Scales of 
Compensation under the Agricultural Holdings Act, and a Brief Treatise on 
Compensation under the Lands Clauses Acts. &c. By Tom Bright, Agricul- 
tural Valuer. Author of "The Agricultural Siuveyor and Estate Agent's 
Handbook." Fourth Edition, with Appendix containing a Digest of the 
Agricultural Holdings Acts, 1883 and 1900. Crown 8vo, cloth. 

\Just Published, AV/ 6/0 
" Full of tables and examples in connection with the valuation of tenant-right, estates, labour 
contents and weights of timber, and farm produce of all \an^."—Afrricuitura! Gaaette. ' 

" An eminently practical handbook, full of practical tables and data of undoubted interest and 
value to surveyors and auctioneers in preparing valuations of all kinds."— /=*arm#r. 

POLE PLANTATIONS AND UNDERWOODS. 

A Practical Handbook on Estimating the Cost of Forming, Renovatine 
Improvmg, and Grubbing Plantations and Underwoods, their Valuation for 
PurpcMes of Transfer, Rental, Sale or Assessment. By Tom Bright. Crown 
8vo, cloth a/ft 

I!Ii? M**"f"5 fj"?***" ■."<« t««»t8 It wiU be a welcome ai±"-~JVortA British A^HcuOut^M. 
" WeU calculated to asnst the valuer in the discbarge of hb duties, andof undSbSdiS^ 
*v»th to surveyor* and auctioneers in preparing valuations of all kind5 "-J^SfSCSt^ 
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AGRICULTURAL SURVEYOR AND ESTATE AGENT'S 

HANDBOOK. 

Of Practical Rules, Formulae, Tables, and Data. A Comprehensive Manual 
for the Use of Surveyors, Agents, Landowners, and others interested in the 
Equipment, the Management, or the Valuation of Landed Estates. By 
Tom Bright, Agricultural Surveyor and Valuer, Author of "The Agri- 
cultural Valuer's Assistant," &c. With Illustrations. Fcap 8vo, Leather. 

Uusi Published. Net 7/6 
" An exceeding^ly useful book, the contents of which are admirably chosen. The classes for 
Mrhom the work is intended will find it convenient to have this comprehensive handbook accessible 
for reference." — Live Stock youmal. 

" It is a singularly compact and well informed comf)endium of the facts and fibres likely to 
\y^ required in estate work, and is certain to prove of much service to those to whom it is 
a<ldressed. ** — Scotsman. 

THE LAND VALUER'S BEST ASSISTANT, 

Being Tables on a very much Improved Plan^ for Calculating the Value of 
Estates. With Tables for reducing Scotch, Irish, and Provincial Customary 
Acres to Statute Measure. &c. By R. Hudson, C.E. New Edition. 

Royal 33mo, leather, elastic band 4/0 

" Of incalculable value to the country g^entleman and professional man. "—^arwwrx' yournal. 

THE LAND IMPROVER'S POCKET-BOOK. 

Comprising Formulae, Tables, and Memoranda required in any Computation 
relating to the Permanent Improvement of Landed Property. By Tohn Ewart, 
Surveyor. Second Edition, Revised. Royal samo, oblong, leatner . 4/0 
" A compendious and handy little yc!tam»,''—Si^ectator. 

THE LAND VALUER'S COMPLETE POCKET-BOOK. 

Being the above Two Works bound together. Leather .... 7/6 

HANDBOOK OF HOUSE PROPERTY. 

A Popular and Practical Guide to the Purchase, Mortgage, Tenancy, and 
Compulsory Sale of Houses and Land, including Dilapidations and Fixtures : 
with Examples of all kinds of Valuations, Information on Building and on the 
ri^ht use of Decorative Art. By E. L. Tarbuck, Architect and Surveyor. 
Sixth Edition. lamo, cloth 6/0 



" The advice is thorouehly practicaL" — Law yournal. 

" For all who have dealing^s with house property, this is an uatspensaDie euK 

" Carefully brought up to date, and much improved by the addition oi a division on Fine 



For all who have dealing^s with house property, this is an indispensable ^ide." — Decoration. 
Carefully brou{fht up to date, and much improved by the j ' " ' 
Art A well- written and thoughtful work."— Z,a«M{ Agents Record. 



LAW AND MISCELLANEOUS. 



MODERN JOURNALISM. 

A Handbook of Instruction and Counsel for the Young Journalist. By John 

B. Mackib, Fellow of the Institute of Journalists. Crown 8vo, cloth . 2/0 

"This invaluable guide to Journalism is a work which all aspirants to a journalistic career wUl 
read with advantag^e." — youmaiist. 

HANDBOOK FOR SOLICITORS AND ENGINEERS 

Engaged in Promoting Private Acts of Parliament and Provisional Orders for 
the Authorisation of Railways, Tramways^ Gas and Water Works, &c. 
By L. Livingstone Macassey, of the Middle Temple, Barrister-at-Law, 
M. Inst. C.E. 8vo, cloth £1 5a. 

PATENTS for INVENTIONS. HOW to PROCURE THEM. 

Compiled for the Use of Inventors, Patentees and others. By G. G. M. 
Hardingham, Assoc. Mem. Inst. C.E., &c. Demy 8vo, cloth . • 1/6 

CONCILIATION & ARBITRATION in LABOUR DISPUTES. 

A Historical Sketch and Brief Statement of the Present Position of the 
Question ar Home and Abroad. By J. S. Jeans, Author of " EngU^^H's 
Snpremacy," &c. Crown 8vo, aoo pp cloth 2/^ 
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EVERY MAN'S OWN LAWYER. 

A Handy-Book of the Principles of Law and Equity. With a Concise 
Dictionary of Legal Terms. ^ By A Barrister. ^ Thirty-ninth Edition, 
carefully Revised, and including New Acts of Parliament of 1901. Com- 
prising the Youthful Offenders Act^ tqoi ; the Larceny Act^ iQor ; the 
Intoxicating Liquors Act, igoi ; the Factory aftd Workshop Act, /go/, and 
other enactments of the year. Judicial Decisions during the year hax>e also 
been duly noted. Crown 8vo, 800 pp., .strongly boimd m cloth. 

\J^t Published. 6/8 



« * 

» 



This Standard Work 0/ Reference forms a Complbtb Epitome of the 
Laws of England, comprising {^amongst other matter) ; 



The Rights and wrongs op Individuax.s— Landlord and Tenant— Vendors 
AND Purchasers— Leases and Mortgages— Principal and agent— Partnership 
AND Companies— Masters, servants and workmen— contracts and Agreements 
—BORROWERS. Lenders and sureties— Sale and purchase of Goods— Cheques, 
Bills and notes— Bills op Sale— Bankruptcy— Railway and Shipping Law- 
Life, Fire, and Marine insurance— accident and Fidelity Insurance— criminal 
Law— Parliamentary elections— county Councils— District Councils— Parish 
Councils— municipal corporations— Libel and slander- Public Health and 
Nuisances— Copyright, patents. Trade Marks— Husband and Wife— Divorce- 
Infancy— Custody OF Children— trustees and Executors— Clergy, Church- 
wardens, &c.— Game Laws and sporting— innkeepers— Horses and Dogs— Taxes 
AND death Duties— forms of agreements, wills. Codicils. Notices, &c 

•fl^ The objtct 9/ this worJk is to enabU these vho consultii to help themselvts to the 
taw ; and thereby to dispense, as far as possible, vith Pro/essumal assistance and tUtvice. There 
are many lorongs and grievances which persons submit to ,/rom time to time through not 
knowing hew or where to apply for redress ; and many persons have as great a dread ^o 
lawyer's ^ce as q/a lion's den. IVith this book at hand it is believed that many a S IX- AND- 
Eighi pence may be saved; many a wrong redressed ; many a rifht reclaimed; many a law 
suit avoided; ana many an evil abated. The work has establxshea itself as the standard legal 
adviser o/all classes, ttnd has also made a r^utation/or itself as a useful book qf reference for 
lawyers residing at a distance from law libraries, who are glad to have at hand a work 
embodying recent decisions and enactments. 

Opinions of the Prkss. 

" It is a complete code of EngBsh Law written in jAain language, which all can understand 

. . . Should be in the hands of every business man, and all who wish to abolish lawjrers bills. "— 
IVeekly Times. 

" A uselul and concise epitome of the law, compQed with considerable care. "—Z^nv Magasine. 

" A complete digest of the most useful facts which constitute En^ish law." — Globe. 
"This excellent handbook. . . . Admirably done, admirably arranged, and admirably 
cheap " —Leeds Mercury. 

" A concise, cheap, and complete epitome of the English law. So plainly written that he who 
runs may read, and he who reads may understand. " — Figaro. 

" A dictionary of legal facts well put together. The book is a very useful one."— ^^roai^r. 

THE PAWNBROKER'S, FACTOR'S, AND MERCHANT'S 

QUIDB TO THB LAW OP LOAN3 AND PLBDOB^. 

With the Statutes and a Digest of Cases. By H. C- Folkard, Barrister-at- 
Law. Cloth 3/6 

LABOUR CONTRACTS. 

A Popular Handbook on the Law of Contracts for Works and Services. By 
David Gibbons. Fourth Edition, with Appendix of Statutes by T. F. Uttley. 
Solicitor. Fcap. 8vo, cloth 3/6 

SUMMARY OF THE FACTORY AND WORKSHOP ACTS 

(1878-1891). For the Use of Manufacturers and Managers. By Emile 
Garckb and J. M. Fells. (Reprinted from " Factory Accounts.") 
Crown 8vo, sewed • . . . . Qo. 

BRADBURY, AGNEW, & CO. I.D., PRINTEKS, LONDON AND TONBRIDGE. 



WEALE'S SCIENTIFIC A TECHNICAL SERIES. 



MATHEMATICS, ARITHMETIC, &c. 

Qeometry, Descriptive. J. F. Hxathsr . 
Practical Plane Geometry. J. F. Hsathxb. . . 
Analytical Geometry. J. Hank & J. B. Youno . 
Qeometry. Part I. (Euclid, Bks. I.— III.) H. Law 
Part II. (Euclid, Books IV., V., VI.. XL, 

XII.). H. Law 

Geometry, in i yol. (Euclid's Elements) .... 
Plane Trigonometry. J. HAmr .... 
Spherical Trigonometry. J. Hann .... 
The aboTO 2 vols., bound together .... 
Differential Calculus. W. S. B. Woolhoitss . . 

Integral Calculus. H. Cox 

Integral Calculus. J. Hakk . . . , , 

Algebra. J. Haddok 

Kay to ditto 

Book-keeping. J. Haddon 

Arithmetic. J. R. Youno 

Key to ditto 

Equational Arithmetic. W. Hipslbt . . . ! 

Arithmetic. J. Haddon 

Key to ditto . 

Mathematical Instruments. Heathbb k Walmislbt 

Drawing & Measuring Instruments. J. F. Heathbb 

Optical Instruments. J. F. Heathbb 

Surveying ic Astronomical Instruments. J. f! 

Hbathbb 

The aboye 3 vols., bound together .... 
Mensuration and Measuring. T. Bakbb . . . 
Slide Rule, & How to Use it. C. Hoabb 
Measures, Weights, & Moneys. W. S. B. Woolhoitm 
Logarithms, Treatise on, with Tables. H. Law . 
Compound Interest and Annuities. F.'Thoman . 
Compendious Calculator. D. O'Gobmajt 

Mathematics. F. Gampin 

Astronomy. R. Main k W. T. Lynn . . . ' I 
Statics and Dynamics. T. Bakbb 



2/- 
2/- 

2/- 
1/6 

1/6 

•2/6 

1/6 

i/- 

1/6 I 

1/6 
I/- 
2/- 
1/6 
1/6 
1/6 
1/6 
1/6 

i/« 
i/6 
2/- 

1/6 

1/6 

1/6 
4/6 
1/6 
2/6 
2/6 

3/- 
4/- 

2/6 

3/- 
1/6 
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WE ALE'S SCIENTIFIC & TECHNICAL SERIES. 



BUILDING & ARCHITECTURE. 



2- 

4^ 

2,C 
ll- 

I '6 

1/6 

I '6 

3/- 
i/- 



Building Estates. F. Maitland 

Science of Building. E. W. Tabn 

Building, Art of. £. Dobson ... 

Book on Building. Sir £. Beckett 

Dwelling Houses, Erection of. S. H. Bbookb 

Cottage Building. C. B. Allen .... 

Acoustics of Public Buildings. Prof. T. R. Smith 

Practical Bricklaying. A. Hammond . 

Practical Brick Cutting & Setting. A. Hammond 

Brickwork. F. Walker 

Brick and Tile Making. E. Dobson. 
Practical Brick & Tile Book. Dobson & Hammond 6 
Carpentry and Joinery. T. Tkbdoold h E. W. Taen 3^ 
Atlas of 35 plates to the above . , . . . 6/- 

Handrailing and Staircasing. G. Gollixos . . 2/6 
Circular Work in Carpentry. G. Collinoh . , 2,6 

Roof Carpentry. G. Collings 2/- 

Constructlon of Roofs. E. W. Tarn . . . . 1/6 
Joints used by Builders. J. W. Chbistt . , 3/- 

Shoring. G. H. Blaorovb 1/6 

Timber Importer's & Builder's Guide. R. £. Grandt 2/- , 

Plumbing. W. P. Buohan 3/6 

Ventilation of Buildings. W. P. Buchan 
Practical Plasterer. W. Kemp 
House-Painting. E, A. Davidson 
Elementary Decoration. J. AV. Facet . 
Practical House Decoration. J. W. Faoby 

Qas-Fitting. J. Black 

Portland Cement for Users. H. Faija . 
Limes, Cements, & Mortars. G. K. Burnell 
Masonry and Stone Cutting. E. Dobson 
Arches, Piers, and Buttresses. W. Bland , . 1/6 
Quantities and Measurements. A. C. Beaton . 1/6 
Complete Measurer. R. Horton . . . . 4/- 
Light, for use of Architects. E. W. Tarn . . 1/6 1 
Hints to Young Architects. Wtghtwtck k Guillatjme 2!^ 
Dictionary of Architectural Terms. J. "Wkale , 5/- 



5/- 
2/- 

2/6 

»/-' 

i/e 
2/0 
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WEALE'S SCIENTIFIC A TECHNICAL SERIES. 

BUILDING & ARCHITECTURE— con^d. 

Architecture, OrderSv W. H. Lbeds . . . . i/6 

Architecture, Styles. T. T. Bitry , . , . -2/- 

The above 2 vols., bound together . , . . 3/6 
Architecture, Design. E. L. Garbett . . .2/6 

The above 3 vols., bound together . . . . 6/- 

Architectural Modelling. T. A. Richardson . . 1/6 

Vitruvius' Architecture. J. Gwilt . , . . 5/- 

Grecian Architecture. Lord Aberdeen • • • i/- 

The above 2 vols., bound together • • . . 6/- 

FINE ARTS. 

Dictionary of Painters. P. Daryl , . . , 2/6 

Painting, Fine Art. T. J. Gullick k J, Timbs . . 5/- 

Grammar of Colouring. G. Field & E. A. Davidson 3/- 

Perspective. G. Pynb . 2/- 

Glass Staining & Painting on Glass . . . . 2/6 

Music. C. C. Spencer 2/6 

Pianoforte Instruction. C. C. Spencer . . . 1/6 

INDUSTRIAL & U5EFUL ARTS. 

Cements, Pastes, Glues, & Gums. H. C. Standage 2/- 

Clocks and Watches, and Bells. Sir E. Beckett . 4/6 
Goldsmith's Handbook. G. E. Gee 
Silversmith's Handbook. G. E. Gee 



3/- 

3/- 
Goldsmith's & Silversmith's Handbook. G. K Gee 7/- 



Hall-Marking of Jewellery. G. £. Gee 
Cabinet-Maker's Guide. R. Bitmead 
Practical Organ Building. W. £. Dickson 
Coach Building. J. W. Burgess . 
Brass Founder's Manual. W. Graham . 
French Polishing and Enamelling. R. Bitmead 
House Decoration. J. W. Facet. 
Letter-Painting Made Easy. J. G. Badenoch . 
Boot and Shoemaking. J. B. Lend . 
Mechanical Dentistry. C. Hunter . 
Wood Engraving. "W. N. Brown. 
Laundry Management 



3/- 

'2/6 

2/6 
2/6 

2/- 
1/6 

5/- 
1/6 

2/- 
3h 
1/6 
2/- 
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